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Design, Validation, and Clinical Testing of a Novel Fastening Device for a
Scoliosis Brace
Abstract
Each year, thirty thousand children in the US were put into a scoliosis brace. The primary function of
scoliosis braces was to reduce and prevent progression of the spinal deformity as the patient grew by
application of corrective forces to the spine. Straps, often made of Velcro, were attached to the back of
the brace that applied forces to the spine when the straps were tightened. Braces were prescribed to be
worn up to 23 hours a day. Studies have concluded that discomfort increased with increasing strap
tension and pad pressure. They have also shown an increase in strap tension occurred during deep
breathing and some daily activities which led to discomfort. Consequently, discomfort often led to poor
user compliance and reduced brace wear hence decreasing treatment efficacy. Treatment efficacy also
decreased due to a loss of strap tension activities of lying down. The overall goals were to develop a
novel fastening device, or controlled tension unit (CTU), for a scoliosis brace that allowed the user to set
the strap tension to the prescribed value as determined by the orthotist at the time of brace fitting and to
maintain the prescribed strap tension during a variety of typical daily living activities. This device should
ensure the corrective force capacity of the scoliosis brace was present and the occurrence of strap
loosening and tension loss was minimized. In the end, three studies were carried out to design and
validate the CTU devices. For Study One, the objective was to determine the force-displacement
properties of the controlled tension devices alone. The materials used were: Controlled Tension Units
(CTU), Robotic Testing Platform. The methods were as follows: The controlled tension units were
mounted in a robotic testing platform that was programmed to displace the CTU device at a set speed (or
rate of spring displacement) and measure the force response of the device. Three different speeds and
spring tensions were tested. The results were as follows: The CTU were designed with desired load
settings of 20N, 30N, and 40N which were confirmed. The units applied a relatively constant tension over
a working range of 12.7mm and maintained a load tolerance within ±10%. The force output response and
load tolerances were independent of the rate of spring displacement. In conclusion, CTU devices could be
fabricated with selectable load settings that held a relatively constant tension throughout a desired range
of displacement. For Study Two, the first objective was to validate that the CTU force output was
maintained over a finite amount of brace gap opening and closing (as it related to the brace gap
separation). The second objective was to evaluate the corrective force capacity and structural stiffness
properties of a standard 3-strap brace using either Velcro straps or CTU devices as the fastening system.
The materials used were: Controlled Tension Units, Standard (Velcro Strap) Brace, Standard (CTU) Brace,
Robotic Testing Platform, Scoliosis Analog Model (SAM), Lab Tensiometers. The methods were as
follows: Three brace configurations were tested: Native Standard Brace, Standard (CTU) Brace, and
Standard (Velcro Strap) Brace. A low tension CTU (≈20N) was used for all tests. Throughout the
movement, the reaction forces and strap tensions in the craniocaudal and mediolateral axes were
continuously recorded. The results were as follows: The CTU devices provided a greater range of brace
gap displacement compared to the Velcro straps. For the CTU devices, the strap tension was constant
over the range of displacement and remained close to the tension value of the CTU device (approximately
20N). However, the tensiometer readings were significantly greater with the Velcro straps being greatest
at the top strap and lowest at the bottom. In conclusion, CTU devices could be used to develop a more
flexible dynamic brace that allowed for directional movement without compromising the corrective force
capacity of the brace. Contrary to the Velcro straps, the CTU strap tension setting would remain present
independent of the brace gap allowing for opportunities of deep breathing, increased range of movement,
and/or improved brace force correction. For Study Three, the objective was to determine if CTU reduced
discomfort while maintaining a constant strap tension. The materials used were: Standard (Velcro Strap)
Brace, Standard (CTU) Brace, Portable Tensiometers. The methods were as follows: The discomfort, strap
tension, and gap distance were evaluated during typical daily activities as well as the range of motion

where applicable using the Standard (Velcro Strap) Brace and the Standard (CTU) Brace. Afterwards, a
CTU Increase Test was performed in which the tension in each CTU fastener was incrementally increased
until the patient experienced a greater level of discomfort than with the Velcro strap condition at the
prescribed tension. In conclusion, CTU improved bracing in scoliosis by maintaining strap tension,
improving brace flexibility, decreasing discomfort at similar strap tensions, or by achieving higher strap
tensions without increasing discomfort. In conclusion, the CTU devices allowed the user to set the strap
tension to the prescribed value as determined by the orthotist at the time of brace fitting and maintained
the prescribed strap tension during a variety of typical daily living activities to ensure the corrective force
capacity of the scoliosis brace was present and the occurrence of strap loosening and tension loss was
minimized.
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$SLFDO9HUWHEUDO7UDQVODWLRQ
%RWWRP6WUDS
%RWWRP/RDG&HOO
&REE$QJOH
&RPSXWHU$LGHG'HVLJQ
&RPSXWHU$LGHG0DQXIDFWXULQJ
&RQWUROOHG7HQVLRQ8QLWV
)DVW6SHHG
'LVWUDFWLYH)RUFH
+LJK7HQVLRQ
,QWHUPHGLDWH6SHHG
,QVWLWXWLRQDO5HYLHZ%RDUG
/RZ7HQVLRQ
0HGLXP7HQVLRQ
0LGGOH6WUDS
2UWKRWLVW
2UWKRWLVW
6ORZ6SHHG
6FROLRVLV$QDORJ0RGHO
7RS6WUDS
%RWWRP6WUDS7HQVLRQ
0LGGOH6WUDS7HQVLRQ
2YHUDOO7HQVLRQ
7RS6WUDS7HQVLRQ
8SSHU/RDG&HOO
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6FROLRVLVLVDWKUHHGLPHQVLRQDOVNHOHWDOGHIRUPLW\RIWKHVSLQHFRQVLVWLQJRID
FRPELQDWLRQRID[LDOURWDWLRQDQGODWHUDOFXUYDWXUH>@,WDIIHFWVDQHVWLPDWHGPLOOLRQ
SHRSOHLQWKH8QLWHG6WDWHVDORQH$GROHVFHQWLGLRSDWKLFVFROLRVLV $,6 KDVDQXQNQRZQ
FDXVHDQGUHSUHVHQWVDSSUR[LPDWHO\RIWKHSHGLDWULFSRSXODWLRQ>@,WZDVHVWLPDWHG
WKDWRXWRIWKHDQQXDOSDWLHQWYLVLWVZHUHFRQVLGHUHGPRGHUDWH ZLWK
VSLQDOFXUYHVOHVVWKDQ DQGWUHDWHGZLWKDEUDFHDQGZHUHFRQVLGHUHGVHYHUH
RUUDSLGO\SURJUHVVLYH ZKHQWKHFXUYHH[FHHGV DQGWUHDWHGZLWKVSLQDOIXVLRQ
VXUJHU\>@7KHVHVXUJLFDOWUHDWPHQWVZHUHYHU\FRVWO\DQGXVXDOO\LQFUHDVHKHDOWKULVNV
5HFHQWFOLQLFDOILQGLQJV>@KDGVKRZQEUDFLQJWUHDWPHQWWREHHIIHFWLYHLQ
SUHYHQWLQJFXUYHSURJUHVVLRQSDVWDQGPRUHFOLQLFLDQVZHUHFRQVLGHULQJLWDVD
WUHDWPHQWRSWLRQ
6FROLRVLVEUDFHVDUHFODVVLILHGDV6RIW)OH[LEOH%UDFHV6HPL5LJLG%UDFHVRU
+DUG5LJLG%UDFHV6RIWDQG6HPL5LJLG%UDFHVSURYLGHGOLPLWHGWRUVRVWDELOL]DWLRQZLWK
SRRUIRUFHFRUUHFWLYHFDSDFLW\DQGZHUHSURYHQWREHOHVVHIIHFWLYHWKDQ+DUG5LJLG
%UDFHV>@+DUG5LJLG%UDFHVVXFKDVWKH%RVWRQ%UDFH0LOZDXNHH%UDFH&KDUOHVWRQ
%UDFH3URYLGHQFH%UDFHHWFZHUHWKHPRVWIUHTXHQWO\XVHGEUDFHV>@LQWKH8QLWHG
6WDWHV7KHVHEUDFHVFRQVLVWHGRIDULJLGVKHOOWKDWILWVRYHUWKHSDWLHQW¶VXSSHUWRUVRDQG
SHOYLFDQDWRP\$QRUWKRWLVWFDUULHGRXWDVHULHVRIGHVLJQDOWHUDWLRQVWRFXVWRPILWWKH
EUDFHWRWKHSDWLHQW7KHDOWHUDWLRQVLQFOXGHGQXPEHUDQGWHQVLRQRIIDVWHQLQJGHYLFHV
VL]HDQGVKDSHRIILWWLQJSDGVORFDWLRQDQGVL]HRIFXWRXWVHFWLRQVHWF
)DVWHQLQJGHYLFHVOLNH9HOFURVWUDSVDUHXVHGWRHQJDJHDQGVHFXUHWKHEUDFH
DURXQGWKHXSSHUERG\DQGZHUHUHVSRQVLEOHIRUWKHPDMRULW\RIWKHFRUUHFWLYHIRUFHV
DSSOLHGWRWKHVSLQH>@+RZHYHU9HOFURVWUDSSLQJV\VWHPVKDGEHHQDVVRFLDWHGZLWK
VWUDSORRVHQLQJDQGWHQVLRQORVVIROORZLQJWZRRUPRUHZHHNVRIGDLO\EUDFHZHDU>@
DIWHUYDULRXVGDLO\OLYLQJDFWLYLWLHV>@RUZKHQO\LQJGRZQ>@/RVVRI
VWUDSWHQVLRQGHFUHDVHGWKHEUDFHVWLIIQHVVSURSHUWLHVDQGUHGXFHGWKHFRUUHFWLYHVSLQDO
IRUFHDSSOLHGE\WKHEUDFHERWKFRQWULEXWLQJWRDORVVRIVSLQDOFRUUHFWLRQWKDWQHJDWHGWKH
EHQHILWRIZHDULQJWKHEUDFH,QDGGLWLRQEHVLGHVUHGXFHGFRUUHFWLYHIRUFHVDQGVSLQDO
FRUUHFWLRQDOORVVHVEUDFHVKDGDOVREHHQUHSRUWHGDVEHLQJXQFRPIRUWDEOHWRZHDU
UHVXOWLQJLQUHGXFHGEUDFHZHDUWLPHRUFRPSOHWHDEDQGRQPHQW>@$OWKRXJK
PRQLWRULQJV\VWHPVFRXOGKDYHEHHQHPSOR\HGWRGHWHUPLQHLIWKHXVHUZRUHWKHEUDFHWKH
SUHVFULEHGWLPH>@DFWLYHDGMXVWPHQWWRFRUUHFWWKHVWUDSWHQVLRQORVVZDVQRW\HW
DYDLODEOH7KH\UHOLHGRQWKHFDUHJLYHUWRPDQXDOO\UHDGMXVWWKHVWUDSWHQVLRQVHWWLQJV
ZKLFKPD\KDYHIUHTXHQWO\EHHQVHWEHORZWKHRULJLQDOSUHVFULEHGYDOXH7KHRQJRLQJ
ORRVHQLQJRI9HOFURVWUDSVSHUSHWXDWHGWKHQHHGIRUWKHVWUDSPRQLWRULQJDGMXVWPHQWF\FOH
>@7RWKDWHQGWKHUHUHPDLQHGDQHHGIRUDVFROLRVLVEUDFHIDVWHQLQJV\VWHPWKDW
PDLQWDLQHGWKHSUHVFULEHGWHQVLRQOHYHOVHWE\WKHSUDFWLWLRQHURYHUWKHGDLO\XVDJHRIWKH
EUDFH
7KHRYHUDOOJRDOVZHUHWRGHYHORSDQDOWHUQDWLYHIDVWHQLQJGHYLFHUHIHUUHGWRDVD
FRQWUROOHGWHQVLRQXQLW &78 IRUDVFROLRVLVEUDFHWKDWDOORZHGWKHXVHUWR





  6HWWKHVWUDSWHQVLRQWRWKHSUHVFULEHGYDOXHDVGHWHUPLQHGE\WKHRUWKRWLVWDWWKH
WLPHRIEUDFHILWWLQJ
  0DLQWDLQWKHSUHVFULEHGVWUDSWHQVLRQGXULQJDYDULHW\RIW\SLFDOGDLO\OLYLQJ
DFWLYLWLHVWRHQVXUHWKHFRUUHFWLYHIRUFHFDSDFLW\RIWKHVFROLRVLVEUDFHZDVSUHVHQW
DQGWKHRFFXUUHQFHRIVWUDSORRVHQLQJDQGWHQVLRQORVVZDVPLQLPL]HG

,QWKHHQGWKUHHVWXGLHVZHUHFDUULHGRXWWRGHVLJQWKH&78GHYLFHV


6WXG\2QH

7KHREMHFWLYHZDVWRGHWHUPLQHWKHIRUFHGLVSODFHPHQWSURSHUWLHVRIFRQWUROOHG
WHQVLRQGHYLFHVDORQH


6WXG\7ZR

7KHILUVWREMHFWLYHZDVWRYDOLGDWHWKDWWKH&78IRUFHRXWSXWZDVPDLQWDLQHGRYHU
DILQLWHDPRXQWRIEUDFHJDSRSHQLQJDQGFORVLQJ DVLWUHODWHGWRWKHEUDFHJDS
VHSDUDWLRQ 7KHVHFRQGREMHFWLYHZDVWRHYDOXDWHWKHFRUUHFWLYHIRUFHFDSDFLW\DQG
VWUXFWXUDOVWLIIQHVVSURSHUWLHVRIDVWDQGDUGVWUDSEUDFHXVLQJHLWKHU9HOFURVWUDSVRU
&78GHYLFHVDVWKHIDVWHQLQJV\VWHP


6WXG\7KUHH

7KLVRQJRLQJVWXG\LVDQDSSURYHG,5%VWXG\ ;3 ZLWKWZRORFDO
RUWKRWLVWV3LORWGDWDIURPHLJKWSDWLHQWVKDYHEHHQDQDO\]HG7KHREMHFWLYHRIWKLVVWXG\
ZDVWRGHWHUPLQHLI&78UHGXFHGGLVFRPIRUWZKLOHPDLQWDLQLQJDFRQVWDQWVWUDSWHQVLRQ







&+$37(5/,7(5$785(5(9,(:


$QDWRP\RIWKH6SLQH

7ZHQW\VL[VHSDUDWHERQ\VWUXFWXUHVPDNHXSWKHYHUWHEUDOFROXPQRU³VSLQH´
ZKLFKVSDQVIURPWKHEDVHRIWKHVNXOOWRWKHFRFF\[ )LJXUH 6WDUWLQJIURPWKHEDVH
RIWKHVNXOOWKHVSLQHEHJLQVZLWKVHYHQFHUYLFDOYHUWHEUDHWZHOYHWKRUDFLFYHUWHEUDH
ILYHOXPEDUYHUWHEUDHWKHVDFUXPDQGHQGVZLWKWKHFRFF\[RU³WDLOERQH´%HWZHHQHDFK
VWUXFWXUHLVDILEURFDUWLODJLQRXVLQWHUYHUWHEUDOGLVFZKLFKVHUYHVWRUHGXFHVWUHVVGXHWR
VXSSRUWRIERG\ZHLJKWDQGPRYHPHQW7KHVWUXFWXUHVDUHFRQQHFWHGE\OLJDPHQWVDQG
ERQ\LQWHUORFNLQJSURFHVVHV


9HUWHEUDHKDYHF\OLQGULFDOVKDSHGJHRPHWULHVRQWKHDQWHULRUVXSHULRUDQG
LQIHULRUVLGHV )LJXUH +RZHYHURQWKHSRVWHULRUVLGHHDFKYHUWHEUDOERG\FRQVLVWV
RIIRXUW\SHVRIERQ\VWUXFWXUHVNQRZQDVWKHVSLQRXVSURFHVVWUDQVYHUVHSURFHVV
VXSHULRUDUWLFXODUSURFHVVHVDQGLQIHULRUDUWLFXODUSURFHVVHV7KHVHSURFHVVHVVHUYH
PHFKDQLFDOSXUSRVHVIRULQVWDQFHWKHVSLQRXVDQGWUDQVYHUVHSURFHVVHVSURYLGHYLWDO
PXVFOHDWWDFKPHQWSRLQWVZKLOHWKHVXSHULRUDQGLQIHULRUSURFHVVHVPDNHXSWKHIDFHW
MRLQW7KHIDFHWMRLQWDOORZVIRUPRYHPHQWRIWKHVSLQHLQFHUWDLQGLUHFWLRQVVXFKDVD[LDO
URWDWLRQLQWKHFHUYLFDOUHJLRQZKLOHOLPLWLQJPRYHPHQWLQGLUHFWLRQVWKDWFRXOGEH
GHWULPHQWDOWRERG\,WDOVRSURYLGHVVWUXFWXUDOVXSSRUW7KHRULHQWDWLRQRIWKHVXSHULRU
DQGLQIHULRUSURFHVVHVJUDGXDOO\WUDQVLWLRQVWREHFRPHPRUHPHGLDODQGODWHUDOLQWKH
OXPEDUUHJLRQWKDQWKHFHUYLFDOUHJLRQ7KLVRULHQWDWLRQDOORZVIRURSWLPDOD[LDOURWDWLRQ
LQWKHFHUYLFDOUHJLRQDQGIRUZDUGEHQGLQJLQWKHOXPEDUUHJLRQ7KHVSLQRXVSURFHVVDQG
WUDQVYHUVHSURFHVVDUHFRQQHFWHGE\ERQ\WLVVXHNQRZQDVWKHODPLQDDQGWKHWUDQVYHUVH
SURFHVVLVFRQQHFWHGWRWKHYHUWHEUDOERG\E\ERQ\WLVVXHNQRZQDVWKHSHGLFOH5LEVDUH
FRQQHFWHGWRWKHWZHOYHWKRUDFLFYHUWHEUDHE\DWWDFKLQJWRWKHERGLHVDQGWKHWUDQVYHUVH
SURFHVVHV

,QWKHVDJLWWDOSODQHDPDWXUHVSLQHFRQVLVWVRIORUGRVLVDQGN\SKRVLV/RUGRVLVLV
DFXUYDWXUHWKDWLVSUHVHQWLQWKHFHUYLFDODQGOXPEDUUHJLRQV.\SKRVLVLVDFRQYH[
FXUYDWXUHWKDWLVSUHVHQWLQWKHWKRUDFLFDQGSHOYLFUHJLRQ,QWKHFRURQDOSODQHWKHVSLQH
LVVWUDLJKWXQOHVVLWLVODWHUDOO\GHIRUPHGE\DVNHOHWDOFRQGLWLRQNQRZQDVVFROLRVLV,QWKH
WUDQVYHUVHSODQHWKHYHUWHEUDOERGLHVKDYHQRD[LDOURWDWLRQXQOHVVVFROLRVLVLVSUHVHQW
>@


$VVHVVPHQWRI$,6

$GROHVFHQW,GLRSDWKLF6FROLRVLV $,6 LVGHILQHGDVDGHIRUPLW\RIWKHVSLQHWKDWLV
FKDUDFWHUL]HGE\ERWKODWHUDOFXUYDWXUHLQWKHFRURQDOSODQHDQGD[LDOURWDWLRQLQWKH
WUDQVYHUVHSODQHWKDWRFFXUVLQSDWLHQWVEHWZHHQWKHDJHVRIHLJKWDQGHLJKWHHQ7KLV
GHIRUPLW\KDVQRNQRZQFDXVHPDNLQJLWLGLRSDWKLFKRZHYHUK\SRWKHVL]HGFDXVHV
LQFOXGHPHFKDQLFDOPHWDEROLFKRUPRQDOQHXURPXVFXODUJURZWKDQGJHQHWLF
DEQRUPDOLWLHV>@7KLVDHVWKHWLFDOO\GLVSOHDVLQJFRQGLWLRQFDQUHVXOWLQPLOGWRLQWHQVH







)LJXUH $QDWRP\RIWKH6SLQH
6RXUFH5HSULQWHGZLWKSHUPLVVLRQ&DUWHU+9$QDWRP\RIWKH6SLQH3XEOLFGRPDLQYLD
:LNLPHGLD&RPPRQVKWWSVHQZLNLSHGLDRUJZLNL9HUWHEUDOBFROXPQ>@







)LJXUH $QDWRP\RI9HUWHEUD
6RXUFH5HSULQWHGZLWKSHUPLVVLRQ&DUWHU+9$QDWRP\RIWKH6SLQH3XEOLFGRPDLQYLH
:LNLPHGLD&RPPRQVKWWSVHQZLNLSHGLDRUJZLNL9HUWHEUDOBFROXPQ>@







EDFNSDLQDQGHYHQGLPLQLVKHGOXQJIXQFWLRQLQVHYHUHFDVHV>@$FFRUGLQJWRWKH
1DWLRQDO6FROLRVLV)RXQGDWLRQVFROLRVLVDIIHFWVDQHVWLPDWHGPLOOLRQSHRSOHLQWKH86
DORQHDSSUR[LPDWHO\RIWKHSRSXODWLRQ$,6UHSUHVHQWVRIFDVHVRURI
WKHSHGLDWULFSRSXODWLRQ>@,WLVHVWLPDWHGWKDWRXWRIWKHSDWLHQWYLVLWVRQO\
DUHWUHDWHGZLWKDQRUWKRVLVDQGDUHWUHDWHGZLWKVSLQDOIXVLRQVXUJHU\
DQQXDOO\>@'XULQJWKHDVVHVVPHQWRIVFROLRVLVIRXUIDFWRUVDUHH[DPLQHGLQRUGHUWR
GHWHUPLQHWKHWUHDWPHQWPHWKRGJHQHUDOFKDUDFWHULVWLFV&REEDQJOHULVNRIFXUYH
SURJUHVVLRQDQGVSLQDOIOH[LELOLW\

*HQHUDOFKDUDFWHULVWLFVLQFOXGHDJHZHLJKWKHLJKW%0,VH[SDWLHQWKLVWRU\
SRVWXUHJDLWERG\V\PPHWU\DQGWKHSUHVHQFHRIDEQRUPDOOXPEDUORUGRVLVRUWKRUDFLF
N\SKRVLV:KHQDQDO\]LQJWKHSDWLHQWKLVWRU\DQHPSKDVLVLVSODFHGRQWKHJURZWKDQG
GHYHORSPHQWRIWKHFKLOG$EQRUPDOLWLHVLQSRVWXUHJDLWRUERG\DV\PPHWU\VXFKDV
VKRXOGHUVRULOLDFFUHVWDV\PPHWU\PD\EHDQLQGLFDWRURIVFROLRVLV$SK\VLFLDQPD\XVH
WKH$GDP¶V)RUZDUG%HQGWHVWDVDGLDJQRVWLFWRRO,QWKLVWHVWWKHSDWLHQWEHQGVIRUZDUG
FDXVLQJERG\DV\PPHWU\WREHPRUHREYLRXV>@,IWKHJHQHUDOFKDUDFWHULVWLFVLQGLFDWH
WKHSUHVHQFHRIDVFROLRWLFGHIRUPLW\WKHQWKHSDWLHQWLVLPDJHGXVLQJUDGLRJUDSKLF
WHFKQLTXHV

7KH&REEDQJOHLVGHWHUPLQHGIURPSRVWHURDQWHULRUUDGLRJUDSKVRIWKHWUXQN7R
FDOFXODWHWKLVDQJOHSDUDOOHOOLQHVDUHGUDZQIURPWKHHQGSODWHVRIWKHPRVWWLOWHG
YHUWHEUDOERGLHVWZRSHUSHQGLFXODUOLQHVDUHWKHQGUDZQH[WHQGLQJIURPWKHSDUDOOHOOLQHV
7KHDQJOHIRUPHGEHWZHHQWKHLQWHUVHFWLQJSHUSHQGLFXODUOLQHVLVNQRZQDVWKH&REE
DQJOH )LJXUH >@&RQYHQWLRQDOO\WKH&REEDQJOHKDVEHHQPHDVXUHGXVLQJWZR
GLPHQVLRQDOSRVWHURDQWHULRUUDGLRJUDSKV5HFHQWO\DQHZWHFKQRORJ\KDVEHHQFUHDWHG
WKDWFDQFUHDWHDWKUHHGLPHQVLRQDOWRUVRPRGHOFDOOHGWKH(26,PDJLQJ6\VWHPDQG
6WHU(26VRIWZDUH )LJXUH 7KH(26,PDJLQJ6\VWHPVLPXOWDQHRXVO\FDSWXUHVD
SRVWHURDQWHULRUDQGDODWHUDOUDGLRJUDSKRQDVFDOHXVLQJVORWVFDQQLQJWHFKQRORJ\
0RUHRYHUWKLVSURFHVVH[SRVHVWKHSDWLHQWWRRQHWHQWKWKHUDGLDWLRQWKDQFRQYHQWLRQDO
LPDJLQJWHFKQLTXHV7KHVHLPDJHVDUHVHQWWR6WHU(26VRIWZDUHWRFRQVWUXFWDWKUHH
GLPHQVLRQDOPRGHODQGSURYLGHLQIRUPDWLRQRIWKH&REEDQJOHFULWLFDOYHUWHEUDH
YHUWHEUDOURWDWLRQDQGWKUHHGLPHQVLRQDODQDWRPLFPHDVXUHPHQWV>@

(YDOXDWLRQRIWKHULVNRIFXUYHSURJUHVVLRQLVDFFRPSOLVKHGWKURXJKREVHUYDWLRQ
DQGH[DPLQDWLRQRIVNHOHWDOPDWXULW\6NHOHWDOPDWXULW\LVGHILQHGE\D5LVVHU*UDGH
ZKLFKLVDPHDVXUHRIWKHDPRXQWRIRVVLILFDWLRQRIWKHLOLDFFUHVWV7KLVPHDVXUHLVGRQH
E\WDNLQJDQ$3UDGLRJUDSKRIWKHSHOYLVDQGPHDVXULQJWKHRVVLILFDWLRQRIWKHFUHVWRQD
VFDOHRIRQHWRILYHZKHUH]HURRQHRUWZRLVFRQVLGHUHGVNHOHWDOO\LPPDWXUH>@'XULQJ
REVHUYDWLRQLIDQLQFUHDVHLQ&REEDQJOHRIILYHGHJUHHVRUPRUHZKHQPHDVXUHGE\WKH
VDPHFOLQLFLDQRFFXUVRYHUDVKRUWSHULRGRIWLPHLQDVNHOHWDOO\LPPDWXUHSDWLHQWWKHQ
WKHFXUYHLVFRQVLGHUHGWREHDWKLJKULVNIRUIXUWKHUSURJUHVVLRQRU³SURJUHVVLYH´>@

6SLQDOIOH[LELOLW\LVPHDVXUHGE\WKHH[WHQWWRZKLFKDVSLQHFDQEHGLVSODFHGGXH
WRDQDSSOLHGORDG,QWKLVFDVHWKHDPRXQWRIGLVSODFHPHQWLVPHDVXUHGE\&REEDQJOH
UHGXFWLRQ7KHFXUUHQWSUDFWLFHIRUHYDOXDWLQJVSLQDOIOH[LELOLW\LQFOXGHVVLGHEHQGLQJ







)LJXUH &REE$QJOH0HDVXUHPHQW
6RXUFH5HSULQWHGZLWKSHUPLVVLRQ&KXQJ&/6FROLRVLV$QDORJ0RGHOIRUWKH
(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\>0DVWHU V@  2UWKRSDHGLF6XUJHU\DQG
%LRPHGLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI7HQQHVVHH+HDOWK6FLHQFH&HQWHU>@






)LJXUH 6WHU(26'0RGHO5HFRQVWUXFWLRQRI7KRUDFLF&XUYH
6RXUFH5HSULQWHGZLWKSHUPLVVLRQ&KXQJ&/6FROLRVLV$QDORJ0RGHOIRUWKH
(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\>0DVWHU V@  2UWKRSDHGLF6XUJHU\DQG
%LRPHGLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI7HQQHVVHH+HDOWK6FLHQFH&HQWHU>@








WUDFWLRQDQGRUSXVKSURQHUDGLRJUDSKV,QSXVKSURQHUDGLRJUDSKVWKHSK\VLFLDQDSSOLHV
PDQXDOSUHVVXUHWRWKHDSLFHVRIWKHFXUYHGXULQJWKHUDGLRJUDSK8VLQJVRPHRUDOORI
WKHVHWHFKQLTXHVWKHVSLQHFDQEHHYDOXDWHGDVKDYLQJ³VXIILFLHQWIOH[LELOLW\´IRUEUDFLQJ
>@


7UHDWPHQW0HWKRGVIRU$,6

7KHGHVFULEHGDVVHVVPHQWIDFWRUVDUHLQVWUXPHQWDOLQSUHVFULELQJWKHSURSHU
WUHDWPHQWPHWKRGIRUVFROLRVLV,WLVLPSRUWDQWWRQRWHWKDWWKHSURFHGXUHIRUSUHVFULELQJ
SURSHUWUHDWPHQWPHWKRGVYDULHVDPRQJSK\VLFLDQVWKXVLVDJHQHUDOGHVFULSWLRQ2QFHWKH
SK\VLFLDQKDVFRQILUPHGWKHSUHVHQFHRIVFROLRVLVWKHSDWLHQWLVLPDJHGDQGWKH&REE
DQJOHLVIRXQG,IWKH&REEDQJOHLVOHVVWKDQDSSUR[LPDWHO\ILIWHHQGHJUHHVWKHSDWLHQWLV
VNHOHWDOO\PDWXUH 5LVVHU*UDGH! DQGWKHUHLVOLWWOHWRQRULVNRIFXUYHSURJUHVVLRQDQG
WKHQQRWUHDWPHQWRUIROORZXSYLVLWLVQHFHVVDU\+RZHYHULIWKLVSDWLHQWLVVNHOHWDOO\
LPPDWXUH 5LVVHU*UDGH ZLWKDULVNRIFXUYHSURJUHVVLRQWKHQIXUWKHUREVHUYDWLRQLV
QHFHVVDU\6RPHSK\VLFLDQVSUHVFULEHSK\VLFDOWKHUDS\LQRUGHUWRSUHYHQWIXUWKHU
SURJUHVVLRQXQWLOWKHSDWLHQWUHDFKHVVNHOHWDOPDWXULW\RUWKHFXUYHSURJUHVVHVSDVW
DSSUR[LPDWHO\WZHQW\GHJUHHV,IWKHFXUYHSURJUHVVHVSDVWDSSUR[LPDWHO\WZHQW\GHJUHHV
RULV³SURJUHVVLYH´WKHSDWLHQWLVVNHOHWDOO\LPPDWXUHDQGWKHVSLQHKDVVXIILFLHQW
IOH[LELOLW\WKHQEUDFLQJLVSUHVFULEHGXQWLOWKHSDWLHQWUHDFKHVVNHOHWDOPDWXULW\RUWKH
FXUYHSURJUHVVHVSDVWDSSUR[LPDWHO\IRUW\ILYHGHJUHHV,IWKHFXUYHSURJUHVVHVSDVW
DSSUR[LPDWHO\IRUW\ILYHGHJUHHVWKHQWKHSDWLHQWPXVWXQGHUJRVXUJHU\>@7KH
QXPEHUDQGORFDWLRQRIFXUYHVFDQEHXVHGWRFODVVLI\WKHVHYHULW\RIGHIRUPLW\DQG
EHFRPHSDUWRIWKHGHFLVLRQSURFHVVEHWZHHQFRQVHUYDWLYHRUVXUJLFDOWUHDWPHQW HJ
/HQNH&ODVVLILFDWLRQ6\VWHPRI$,6 >@


%UDFLQJLQ6FROLRVLV

(DFK\HDUWKLUW\WKRXVDQGFKLOGUHQLQWKH86DUHSXWLQWRDVFROLRVLVEUDFH>@
:HLQVWHLQHWDOGHILQHGEUDFHWUHDWPHQWVXFFHVVDVSUHYHQWLQJFXUYHSURJUHVVLRQSDVW
ILIW\GHJUHHVDQGUHSRUWHGWKDWWUHDWPHQWLVVXFFHVVIXOVHYHQW\WZRSHUFHQWRIWKHWLPH
7KHSULPDU\IXQFWLRQRIVFROLRVLVEUDFHVLVWRUHGXFHDQGSUHYHQWSURJUHVVLRQRIWKHFXUYH
DVWKHSDWLHQWJURZVE\DSSOLFDWLRQRIFRUUHFWLYHIRUFHVWRWKHVSLQH>@$
VHFRQGDU\IXQFWLRQRIVFROLRVLVEUDFHVLVWRUHGXFHWKHGHIRUPLW\ZKHQZRUQKRZHYHU
WUHDWPHQWPD\VWLOOEHVXFFHVVIXOZLWKRXWLQEUDFH&REEDQJOHUHGXFWLRQ6WUDSVRIWHQ
PDGHRI9HOFURDUHDWWDFKHGWRWKHEDFNRIWKHEUDFHDQGFRUUHFWLYHIRUFHVDUHDSSOLHGWR
WKHVSLQHE\WLJKWHQLQJWKHVWUDSV0DQ\EUDFHVXVHDWKUHHSRLQWSUHVVXUHSULQFLSOHWR
FRUUHFWWKHGHIRUPLW\LQWKHFRURQDOSODQH7KHVHEUDFHVDWWHPSWWRFRXSOHIRUFHVDERYH
DQGEHORZWKHDSH[ZLWKDQRSSRVLQJIRUFHDWWKHDSH[6RPHEUDFHVVXFKDVWKH%RVWRQ
%UDFHVHHNWRDSSO\IRUFHVWKDWFRUUHFWWKHGHIRUPLW\LQWKHWUDQVYHUVHSODQHRIWHQ
UHIHUUHGWRDVD[LDOGHURWDWLRQ7RDFKLHYHGHURWDWLRQLQD%RVWRQ%UDFHIRUH[DPSOH
IRDPSDGVDUHSODFHGLQWKHOXPEDUVHFWLRQWRFUHDWHDQDQWHULRUO\GLUHFWHGIRUFHDQG
FRXSOHGZLWKSDGVSODFHGLQWKHDEGRPHQVHFWLRQWKDWFUHDWHDSRVWHULRUO\GLUHFWHGIRUFH
%UDFHVFDQEHSUHVFULEHGWREHZRUQXSWRKRXUVDGD\7UHDWPHQWHIILFDF\GHFUHDVHV




DVDUHVXOWRISRRUSDWLHQWFRPSOLDQFH>@DQGRUORVVRIVWUDSWHQVLRQWKURXJKRXW
WKHGD\>@


%UDFH)DEULFDWLRQ

7KHUHDUHWKUHHPHWKRGVWKDWFDQEHXVHGWRFUHDWHDVFROLRVLVEUDFHWKH0DQXDO
0HWKRGZKLFKSULPDULO\XVHVDUWLVDQWHFKQLTXHVWKH&RPELQHG0HWKRGZKLFKXVHVD
FRPELQDWLRQRIDUWLVDQDQG&$'&$0WHFKQLTXHVDQGWKH'3ULQWLQJ0HWKRGZKLFK
SULPDULO\XVHV&$'&$0WHFKQLTXHV,QRUGHUWRIDEULFDWHD:LOPLQJWRQ%UDFHXVLQJWKH
PDQXDOPHWKRGIRUH[DPSOHDVFROLRWLFSDWLHQWILUVWQHHGVWREHPDQLSXODWHGLQWRDOHVV
VFROLRWLFSRVLWLRQ7KLVFXUYHFRUUHFWLRQLVRIWHQDFFRPSOLVKHGXVLQJD5LVVHUWDEOH7KH
SDWLHQWOLHVGRZQRQWKHWDEOHLQWKHVXSLQHSRVLWLRQDQGWKHFOLQLFLDQHPSOR\VDV\VWHPRI
VWUDSVDQGKDUQHVVHVWRSXOOWKHSDWLHQWLQWRWKHGHVLUHGSRVLWLRQ7KLVV\VWHPRIWHQ
UHTXLUHVWKHVSLQHWRXQGHUJRWUDFWLRQ6LQFHWKLVGHVLUHGSRVLWLRQHYHQWXDOO\EHFRPHVWKH
SRVLWLRQWKDWWKHEUDFHHQIRUFHVWKHFOLQLFLDQDWWHPSWVWRILQGWKHRSWLPDOEDODQFH
EHWZHHQFRUUHFWLRQDQGFRPIRUW7KLVSRVLWLRQLVPDLQWDLQHGZKLOHWKHFOLQLFLDQZUDSVWKH
SDWLHQWLQDVWLFN\FORWKOLNHPDWHULDOWKDWTXLFNO\KDUGHQV7KLVPHWKRGLVNQRZQDV
FDVWLQJ$IWHUWKHFDVWGULHVLWLVFXWRIIRIWKHSDWLHQW7KHFXWLVWKHQUHSDLUHGWRFUHDWHD
QHJDWLYHPROGRIWKHWRUVR7KLVQHJDWLYHPROGLVWKHQILOOHGZLWKSODVWHUZKLFKKDUGHQV
RYHUQLJKWWRSURGXFHDSRVLWLYHPROG7KHSRVLWLYHPROGLVUHFWLILHGE\DKLJKO\VNLOOHG
DUWLVDQE\DGGLQJUHPRYLQJSODVWHUWRLPSURYHEUDFHFRPIRUWDQGHIIHFWLYHQHVVDFFRUGLQJ
WRKLVKHUSURIHVVLRQDORSLQLRQ$IWHUZDUGVDWKLQVKHHWRIWKHUPRSODVWLFLVKHDWHGDQG
PROGHGDURXQGWKHUHFWLILHGSODVWHUWRSURGXFHWKHEUDFH7KHEUDFHLVWKHQPRGLILHGZLWK
WULPOLQHVWRILWWKHSDWLHQWDQGVWUDSVDUHDGGHG)LQDOO\DFOLQLFLDQSODFHVWKHEUDFHRQ
WKHSDWLHQWDQGPDNHVIXUWKHUPRGLILFDWLRQVWRWKHVWUDSVDQGWULPOLQHVLQRUGHUWRILWWKH
SDWLHQWDVHIILFLHQWO\DVSRVVLEOH7KHSDWLHQWLVRIWHQLQVWUXFWHGWRZHDUWKHEUDFH
KRXUVDGD\>@+RZHYHUWKHIDEULFDWLRQPHWKRGYDULHVGHSHQGLQJRQWKHW\SHRIEUDFH
)RUH[DPSOHZKHQIDEULFDWLQJD%RVWRQ%UDFHWKHFDVWLVWDNHQRIDSDWLHQWLQWKH
XQFRUUHFWHGRU³QDWLYH´SRVWXUH$EUDFHLVIDEULFDWHGDQGRXWILWWHGZLWKSDGVWKDWDUH
UHVSRQVLEOHIRUWKHFRUUHFWLYHFDSDFLW\RIWKHEUDFH$UDGLRJUDSKDQGVSHFLILFERG\
PHDVXUHPHQWVDUHXVHGWRGHWHUPLQHWKHVL]HSRVLWLRQDQGRULHQWDWLRQRIWKHSDGV7KH
%RVWRQ%UDFHLVPRGLILHGZLWKWULPOLQHVVWUDSVDQGILWWHGWRWKHSDWLHQW>@2YHUWLPH
QHZWHFKQRORJLHVKDYHDULVHQWKDWFDQH[SHGLWHIDEULFDWLRQUHGXFHFRVWVDQGHYHQ
LPSURYHWKHHIIHFWLYHQHVVRIEUDFLQJ

7KH&RPELQHG0HWKRGIRUIDEULFDWLQJVFROLRVLVEUDFHVWDNHVDGYDQWDJHRI
WHFKQRORJLHVVXFKDV'VFDQQLQJ&RPSXWHU$LGHG'HVLJQ &$' DQG&RPSXWHU$LGHG
0DQXIDFWXULQJ &$0 7KHUHDUHVHYHUDOW\SHVRI'VFDQQHUVVXFKDVFRQWDFW'
VFDQQHUVQRQFRQWDFWODVHUVFDQQHUVZKLWHOLJKWVFDQQHUVHWF7KHVHVFDQQHUVFDQ
GHWHUPLQHVSDWLDOORFDWLRQRIDSRLQWRQDQREMHFWDQGH[SRUWVWRDFRPSXWHU,IWKH
VFDQQHULVWKHQXVHGWRILQGWKHVSDWLDOORFDWLRQRIKXQGUHGVRIWKRXVDQGVRISRLQWVRQWKH
REMHFWWKHQDFORXGRISRLQWVLVJHQHUDWHGRQWKHFRPSXWHU7KLVFORXGRISRLQWVRUSRLQW
FORXGLVQRZDGLJLWDOUHSUHVHQWDWLRQRIWKHREMHFW7KLVSRLQWFORXGFDQWKHQEHLPSRUWHG
LQWRUHFRQVWUXFWLRQVRIWZDUHZKHUHD'PRGHOFDQEHSURGXFHGDQGH[SRUWHGWR&$'
VRIWZDUH>@&$'VRIWZDUHLVXVHGZLGHO\E\HQJLQHHUVWRGHVLJQSURGXFWV0RVW&$'




VRIWZDUHLPSOHPHQWVDXVHUGHILQHGDSSURDFKLQZKLFKGLPHQVLRQVRIDQREMHFWDUH
VSHFLILHGE\WKHXVHUDQGWKHFRPSXWHUFDOFXODWHVWKHYHFWRULQ'RU'VSDFH0RVW'
&$'VRIWZDUHKDYHWRROVVXFKDVVNHWFKH[WUXGHFXWHWF2WKHU&$'SURJUDPVKDYH
EHHQGHYHORSHGVSHFLILFDOO\IRUVFROLRVLVEUDFHGHVLJQDQGXVHDQREMHFWGHILQHGDSSURDFK
LQZKLFKWKHGLPHQVLRQVDUHGHILQHGE\WKH'VFDQQHGREMHFWDQGPDQLSXODWHGE\WKH
XVHU,Q5RGLQ'IRUH[DPSOHD'VFDQRIDVFROLRWLFWRUVRFDQEHLPSRUWHGLQWRWKLV
VRIWZDUHDQGGLJLWDOO\UHFWLILHGXVLQJWRROVVXFKDVVKLIWDGGVXEWUDFWPDWHULDOEHQGHWF
2QFHDVDWLVIDFWRU\GLJLWDOPRGHOKDVEHHQGHVLJQHGLWLVLPSRUWHGLQWRD&1&PDFKLQH
>@7KH&1&PDFKLQHLPSOHPHQWVVXEWUDFWLYHPDQXIDFWXULQJLQZKLFKDFDUYHU
PHWKRGLFDOO\VXEWUDFWVPDWHULDOIURPDEORFNDFFRUGLQJWRWKHVSHFLILHGVKDSHZKLFKLQ
WKLVFDVHLVDUHFWLILHGWRUVRPROG>@$IWHUZDUGVDWKLQVKHHWRIWKHUPRSODVWLFLVKHDWHG
DQGPROGHGDURXQGWKHUHFWLILHGWRUVRPROGWRSURGXFHWKHEUDFH>@

7KH'3ULQWLQJ0HWKRGDOVRPDNHVXVHRID'VFDQDQG&$'VRIWZDUHDVVHHQ
LQWKH&RPELQHG0HWKRG+RZHYHUWKH&RPELQHG0HWKRGXVHV&$'VRIWZDUHWR
SURGXFHDWRUVRPROGZKHUHDVWKH'SULQWLQJPHWKRGSURGXFHVDIXOO\ILQLVKHGEUDFH
7KLVW\SHRIIDEULFDWLRQLVSRVVLEOHEHFDXVHLQ'SULQWLQJWKHREMHFWLVEXLOWIURP
FRQVHFXWLYHOD\HULQJRIWKHPDWHULDODOVRNQRZQDVDGGLWLYHPDQXIDFWXULQJ>@8VLQJ
WKLVDGYDQFHGWHFKQLTXHEUDFHVFDQEHPDGHVOLPPHUPRUHDHVWKHWLFDOO\SOHDVLQJDQG
PRUHFRPIRUWDEOH,QQRYDWLYHIHDWXUHVFDQDOVREHLPSOHPHQWHGLQWREUDFHVVXFKDV
YHQWLODWLRQKROHVWRLPSURYHWKHUPDOFRPIRUW7KHRULHQWDWLRQDQGVL]HRIWKHVHKROHVFDQ
DOVREHXVHGWRGHILQHIOH[LELOLW\RSWLPL]HFRPIRUWDQGLPSURYHFRUUHFWLYHFDSDFLW\
6WUDWHJLFSODFHPHQWRIWKHVHKROHVUHVXOWVLQDV\PPHWULFIOH[LELOLW\WRDOORZIRUJUHDWHU
PRYHPHQWLQSDUWLFXODUGLUHFWLRQVZLWKRXWVDFULILFLQJFRUUHFWLYHFDSDFLW\>@


7\SHVRI6FROLRVLV%UDFHVDQG/LPLWDWLRQV

6FROLRVLVEUDFHVFDQEHFODVVLILHGDV+DUG5LJLG%UDFHV6HPL5LJLG%UDFHVRU
6RIW)OH[LEOH%UDFHV+DUG5LJLG%UDFHVVXFKDVWKH%RVWRQ%UDFH:LOPLQJWRQ%UDFH
0LOZDXNHH%UDFH&KDUOHVWRQ%UDFH3URYLGHQFH%UDFHHWFDUHWKHPRVWIUHTXHQWO\XVHG
EUDFHV>@LQWKH867KHVHEUDFHVFRQVLVWRIDULJLGVKHOOWKDWKDVEHHQFXVWRPILWWHGWR
WKHWRUVR5LJLGEUDFHVKDYHEHHQUHSRUWHGWREHHIIHFWLYHLQSUHYHQWLQJFXUYH
SURJUHVVLRQSDVWILIW\GHJUHHV>@KRZHYHUWKHPRVWLPSRUWDQWOLPLWDWLRQRIWKLVEUDFHLV
XVHUFRPSOLDQFH>@'XHWRWKHULJLGQDWXUHRIWKHVHEUDFHVWKHXVHUIHHOVFRQVWULFWHG
DQGXQFRPIRUWDEOH>@7KLVGLVFRPIRUWRIWHQOHDGVWRSRRUFRPSOLDQFHWRWKHSUHVFULEHG
GXUDWLRQRIEUDFHZHDU>@7KXVPRUHIOH[LEOHEUDFHVZHUHFUHDWHGWRDGGUHVVWKLV
LVVXH>@

0DQ\6HPL5LJLG%UDFHVKDYHEHHQGHVLJQHGLQRUGHUWRLPSURYHFRPIRUWZKLOH
PDLQWDLQLQJHIIHFWLYHQHVVIRUSUHYHQWLQJFXUYHSURJUHVVLRQ6HPL5LJLGEUDFHVDUH
JHQHUDOO\DFRPELQDWLRQRIKDUGSODVWLFSDGVDQGPRYHPHQWHQDEOLQJHOHPHQWVVXFKDV
VSULQJVMRLQWVRUHODVWLFPDWHULDO7KHVHEUDFHVLQFOXGHWKH%RG\%UDFH>@
'HURWDWLRQDO%UDFH>@'\QDPLF6FROLRVLV2UWKRVLV>@DQGPRUH7KHPRVWSRSXODU
DQGZLGHO\DFFHSWHGRIWKHVHEUDFHVLVWKH7ULD&%UDFHGHYHORSHGE\9HOGKXL]HQHWDO
7KH7ULD&%UDFHPDNHVXVHRIDIOH[LEOHFRXSOLQJVSULQJHOHPHQWVDQGKDUGSODVWLFSDGV




WRDOORZIRUERG\IOXFWXDWLRQVVXFKDVEUHDWKLQJHDWLQJEHQGLQJHWF>@7KLVEUDFH
LPSURYHVFRPIRUWE\HQDEOLQJJUHDWHUIOH[LELOLW\+RZHYHULWDFKLHYHVOLPLWHG
VWDELOL]DWLRQRQWKHWRUVRHVSHFLDOO\RQREHVHSDWLHQWVFDXVLQJLWWREHFRPHPLVDOLJQHG
WKXVUHGXFLQJHIIHFWLYHQHVV$OVRGXHWRWKHIOLPV\GHVLJQRIWKH7ULD&LWKDVDOLPLWHG
DELOLW\WRDSSO\ODUJHFRUUHFWLYHIRUFHVWRWKHVSLQHZKLFKUHGXFHVLWVFDSDFLW\WRFRUUHFW
WKHGHIRUPLW\'XHWRWKHVHFULWLFDOOLPLWDWLRQVWKH7ULD&EUDFHDORQJZLWKRWKHU6HPL
5LJLG%UDFHVDUHQRWUHFRPPHQGHGIRUWUHDWLQJVFROLRVLV>@

6RIW)OH[LEOHEUDFHVVXFKDVWKH6SLQH&RU'\QDPLF&RUUHFWLYH%UDFHFRQVLVWRID
V\VWHPRIHODVWLFEDQGVDQGVWUDSVWKDWHQFRPSDVVWKHWRUVR7KHVHEUDFHVDOORZIRUD
ODUJHUDQJHRIPRYHPHQWDQGVXSHULRUFRPIRUWHYHQGXULQJH[HUFLVHV+RZHYHUVLPLODU
WR6HPL5LJLG%UDFHV6RIW)OH[LEOH%UDFHVKDYHOLPLWHGVWDELOL]DWLRQRQWKHWRUVRDQG
SRRUFRUUHFWLYHFDSDFLW\>@0RUHRYHU:RQJHWDOUHSRUWHGWKH6SLQH&RU%UDFHWREH
VLJQLILFDQWO\OHVVHIIHFWLYHWKDQ+DUG5LJLG%UDFHV>@


6WUDS7HQVLRQ(IIHFWVRQ&XUYH&RUUHFWLRQDQG'LVFRPIRUW

,QDVWXG\E\0DF7KLRQJHWDO>@PLQLORDGFHOOVZHUHDWWDFKHGWRDEUDFHLQ
RUGHUWRPHDVXUHVWUDSWHQVLRQ$IRUFHVHQVLQJSUHVVXUHSDGRXWILWWHGZLWKIRUFH
VHQVLQJWUDQVGXFHUVZDVSODFHGEHWZHHQWKHWRUVRDQGWKHEUDFH7KHVWUDSVZHUHWKHQ
WLJKWHQHGWRDQG1DQGWKHDSSOLHGSUHVVXUHVZHUHUHDGRQUHJLRQVRIWKH
ERG\7KHDXWKRUVFRQFOXGHGWKDWWKHDSSOLHGSUHVVXUHLQFUHDVHGZLWKLQFUHDVLQJVWUDS
WHQVLRQ>@,QDVLPLODUVWXG\E\:RQJHWDOLWZDVIRXQGWKDWDVVWUDSWHQVLRQ
LQFUHDVHGDSSOLHGSUHVVXUHLQFUHDVHGDQGWKHLQLWLDOLQEUDFH&REEDQJOHFRUUHFWLRQ
LQFUHDVHG>@1RRQDQHWDOUHSRUWHGDFRUUHODWLRQEHWZHHQLQLWLDOLQEUDFHFRUUHFWLRQ
DQGWUHDWPHQWVXFFHVV>@%RWK:RQJDQG0DF7KLRQJFRQFOXGHGWKDWSK\VLFLDQV
VKRXOGSUHVFULEHKLJKVWUDSWHQVLRQVWRHQKDQFHEUDFHWUHDWPHQWHIILFDF\-LDQJHWDODOVR
UHSRUWHGWKDWORZVWUDSWHQVLRQVUHVXOWHGLQDKLJKHUULVNRIFXUYHSURJUHVVLRQ>@

,QWKHVDPHVWXG\GHVFULEHGDERYH0DF7KLRQJDOVRFRQFOXGHGWKDWGLVFRPIRUW
LQFUHDVHGZLWKLQFUHDVLQJVWUDSWHQVLRQDQGSDGSUHVVXUH>@,QWKHVWXG\E\:RQJHWDO
LWZDVDOVRIRXQGWKDWVWUDSWHQVLRQLQFUHDVHGGXULQJGHHSEUHDWKLQJ>@2WKHUVWXGLHV
KDYHDOVRVKRZQDQLQFUHDVHLQVWUDSWHQVLRQGXULQJGHHSEUHDWKLQJ>@DQGKDYH
IRXQGWKLVOHGWRGLVFRPIRUW>@.HQQHG\HWDOUHSRUWHGDVLJQLILFDQWUHGXFWLRQLQWRWDO
OXQJYROXPHYLWDOFDSDFLW\DQGUHVLGXDOFDSDFLW\GXULQJEUDFLQJ7KH\DOVRUHSRUWHGD
VLJQLILFDQWGHFUHDVHLQORZHUULEFDJHDQGDEGRPLQDOPRYHPHQWGXULQJEUDFLQJLQVLWWLQJ
DQGVXSLQH.HQQHG\UHSRUWHGDQLQFUHDVHLQJDVWULFSUHVVXUHDQGFRQFOXGHGWKLVOHGWRDQ
LQFUHDVHLQLQVSLUDWRU\HIIRUW>@$FFRUGLQJWR1LFKROVRQHWDOXVHUFRPSOLDQFHWRWKH
WUHDWPHQWLVRIWHQSRRUGXHWRGLVFRPIRUW>@0RUHRYHUVWXGLHVKDYHVKRZQWKDWXVHU
FRPSOLDQFHKDGDGLUHFWHIIHFWRQWUHDWPHQWHIILFDF\>@$SDVWVWXG\E\.DW]HWDO
>@IRXQGWKDWZHDULQJDEUDFHIRUPRUHWKDQKUVGD\FRQWUROOHGFXUYHSURJUHVVLRQLQ
SDWLHQWVZLWKLGLRSDWKLFVFROLRVLV,QIDFW.DW]HWDOIRXQGWKDWWKHQXPEHURIKRXUVRI
EUDFHZHDUZDVDPXFKPRUHLQIOXHQWLDOIDFWRUWKDQLQLWLDOLQEUDFHFRUUHFWLRQ>@





$FFRUGLQJWRWKH$FDGHP\RI2UWKRWLVWVDQG3URVWKHWLVWV³/RVVRIVWUDSWHQVLRQ
FRXOGEHDGLUHFWOLQNWRDORVVRILQLWLDOLQEUDFHFRUUHFWLRQDQGVKRXOGEHPRQLWRUHG´
$XELQHWDOSHUIRUPHGDQH[SHULPHQWLQZKLFKDSDWLHQWZHDULQJDVFROLRVLVEUDFH
RXWILWWHGZLWKVWUDSWHQVLRQORDGFHOOVDWWHPSWHGGLIIHUHQWERG\SRVLWLRQV$JUHDWGHDORI
VWUDSWHQVLRQYDULDELOLW\ZDVIRXQGEHWZHHQSRVLWLRQVUHJDUGOHVVRIWKHLQLWLDOVWUDS
WHQVLRQ0RVWLPSRUWDQWO\DORVVRIVWUDSWHQVLRQZDVUHSRUWHGLQO\LQJSRVLWLRQVZKLFK
KDVEHHQUHSRUWHGE\RWKHUDXWKRUVDVZHOO>@.DW]HWDOUHSRUWHGWKDWSDWLHQWV
ZKRZRUHWKHLUEUDFHGXULQJWKHGD\ZHUHPRUHVWURQJO\DVVRFLDWHGZLWKVXFFHVVIXO
RXWFRPHVWKDQWKRVHZKRZRUHWKHVWDQGDUGGD\WLPHEUDFHDWQLJKW>@LWLVSRVVLEOHWKDW
WKLVZDVGXHWRDORVVRIVWUDSWHQVLRQZKHQO\LQJGRZQ0RUHRYHU$XELQHWDO
FRQFOXGHGWKDWORVVRIVWUDSWHQVLRQGXULQJQLJKWWLPHZHDUPD\KDYHLPSRUWDQW
FRQVHTXHQFHVFRQFHUQLQJEUDFHHIILFDF\>@6RPHVWXGLHVKDYHFRQFOXGHGWKDWWKHVLGH
O\LQJSRVLWLRQXVLQJDQLJKWWLPHEUDFHDFKLHYHGWKHJUHDWHVWLQEUDFHFRUUHFWLRQRIWKH
VOHHSLQJSRVWXUHV>@ZKLFKHYLGHQFHGSRWHQWLDOIRUJUHDWHULQEUDFHFRUUHFWLRQ
GXULQJQLJKWWLPHZHDU<RNR\DPDHWDOUHSRUWHGVLJQLILFDQWWUXQNPXVFOHUHOD[DWLRQLQ
O\LQJSRVWXUHVFRPSDUHGZLWKVWDQGLQJSRVWXUHV>@ZKLFKFRXOGKDYHH[SODLQHGVWUDS
WHQVLRQORVVRULQGLFDWHDQRSSRUWXQLW\IRUJUHDWHULQEUDFHFRUUHFWLRQGXULQJQLJKWWLPH
ZHDU,WKDVDOVREHHQIRXQGWKDWVWUDSWHQVLRQORVVRFFXUVVKRUWO\DIWHULQLWLDOEUDFHILWWLQJ
SRVVLEO\GXHWRPDWHULDOUHOD[DWLRQWRUVRUHSRVLWLRQLQJZLWKLQWKHEUDFHVRIWWLVVXH
DGMXVWPHQWRUSDWLHQWJURZWK>@$GGLWLRQDOO\VWUDSWHQVLRQORVVRFFXUV
WKURXJKRXWWKHGD\GXHWR9HOFURORRVHQLQJGXULQJGDLO\ERG\PRYHPHQWVDQG
IOXFWXDWLRQV>@$XELQHWDODVZHOODVRWKHUDXWKRUVVWDWHGWKDWPDLQWDLQLQJ
VWUDSWHQVLRQWKURXJKRXWWKHGD\GXULQJQLJKWWLPHZHDUDQGWKURXJKRXWWKHZHHNV
EHWZHHQIROORZXSYLVLWVZRXOGLPSURYHEUDFHHIILFDF\>@


&RPSXWHU0RGHOVIRU,PSURYLQJ%UDFLQJLQ$,6

$VWXG\E\'HVELHQV%ODLVHWDOZDVFRQGXFWHGZKHUHELSODQDUUDGLRJUDSKVRID
SDWLHQWZHUHDFTXLUHG8VLQJWKHVHLPDJHVD'PRGHORIWKHERQ\VNHOHWRQZDVFUHDWHG
ZKLFKLQFOXGHGWKHVSLQHULEFDJHDQGSHOYLV7KHQD'VXUIDFHVFDQZDVREWDLQHGRI
WKHSDWLHQW8VLQJPXOWLSOHUDGLRSDTXHPDUNHUVWKDWZHUHYLVLEOHRQWKHUDGLRJUDSKVDQG
WKH'VXUIDFHVFDQVWKH'VXUIDFHPRGHOZDVDFFXUDWHO\RYHUODLGRQWKH'VNHOHWRQ
PRGHOWRFUHDWHDIXOOWRUVRPRGHO%DVHGRQWKHJHRPHWU\DFTXLUHGIURPWKHIXOOWRUVR
PRGHOD)LQLWH(OHPHQW0RGHO )(0 ZDVFUHDWHGE\UHSUHVHQWLQJWKHYHUWHEUDH
LQWHUYHUWHEUDOGLVFVVWHUQXPULEVDEGRPLQDOFDYLW\DQGFRVWDOFDUWLODJHDV'HODVWLF
EHDPHOHPHQWV7KHPHFKDQLFDOSURSHUWLHVRIHDFKHOHPHQWZHUHDVVLJQHGEDVHGRQ
H[SHULPHQWDODQGSXEOLVKHGGDWD8VLQJWKLVPRGHODQLQLWLDOEUDFHVKDSHZDVGHVLJQHG
DQGFRQYHUWHGWRDQ)(0,WZDVWKHQSODFHGRQWKHWRUVR)(0IRUVLPXODWLRQDQG
WHVWLQJ)RUFHVLQWKHPRGHOZHUHFUHDWHGEDVHGRQWKHIRUFHVLQWKHEUDFHVWUDSV7KURXJK
LWHUDWLYHVLPXODWLRQVDQGGHVLJQFKDQJHVDQRSWLPL]HGEUDFHVKDSHZDVIRXQGWKDW
DFKLHYHGWKHPRVWWKHRUHWLFDO&REEDQJOHFRUUHFWLRQ$SRVLWLYHPROGIRUWKLVEUDFHVKDSH
ZDVPLOOHGDQGDEUDFHZDVFUHDWHGE\WKHUPRIRUPLQJSODVWLFDURXQGWKLVPROGWKLVZDV
FDOOHGWKH1HZ%UDFH)RUHDFKSDWLHQWD1HZ%UDFHDQGDFRQYHQWLRQDOO\IDEULFDWHG
6WDQGDUG%UDFHZHUHFUHDWHG7KLVVWXG\WKHQFRPSDUHGWKHDSLFDOYHUWHEUDOWUDQVODWLRQ
$97 DQGWKH&REEDQJOHEHWZHHQWKH1HZ%UDFHVLPXODWLRQWKH1HZ%UDFHDQGWKH




6WDQGDUG%UDFH7KHUHZDVQRVLJQLILFDQWGLIIHUHQFHIRXQGIRU&REEDQJOHDQG$97
EHWZHHQDQ\RIWKHWKUHHFRPSDULVRQV+RZHYHUWKH1HZ%UDFHKDGVLJQLILFDQWO\
UHGXFHGWKHN\SKRVLVDQGORUGRVLVDQJOHVFRPSDUHGWRWKHVWDQGDUGEUDFH7KHUHVXOWV
SURYHGWKDWWKHQHZEUDFHZDVVXIILFLHQWIRUIDEULFDWLQJDQHIIHFWLYHVFROLRVLVEUDFH7KH
PDLQDGYDQWDJHVIRUWKH1HZ%UDFHLQFOXGHGORZHUIDEULFDWLRQWLPHDPRUHFRQVLVWHQW
SURWRFROIRUEUDFHGHVLJQDQGUHFRUGHGLQLWLDOEUDFHVKDSHWRDVVLVWZLWKSDWLHQWIROORZXS
>@

$VWXG\ZDVFRQGXFWHGE\1LHHWDOZKHUHDFRPSOHWHWKRUDFROXPERVDFUDO
VFROLRVLVILQLWHHOHPHQWPRGHOZDVFUHDWHGWRVLPXODWHWKHIRUFHVDQGJHRPHWU\FKDQJHRI
DVSHFLILFSDWLHQWZKHQZHDULQJDEUDFH7KHVLPXODWHGUHVXOWVZHUHWKHQFRPSDUHGWRWKH
FOLQLFDOGDWD7KHSDWLHQWZDVVXEMHFWHGWRD&7VFDQZKLFKDOORZHGIRUWKHDFTXLVLWLRQRI
WKHVNHOHWRQIURPKHDGWRSHOYLV7KHJHRPHWU\RIWKHWKRUDFROXPERVDFUDOSHOYLVZDV
LPSRUWHGLQWRDILQLWHHOHPHQWVRIWZDUHNQRZQDV$16<67KHPRGHOZDVWKHQ
PRGLILHGWRFRQWDLQLQWHUYHUWHEUDOGLVFVDQXPEHURIMRLQWVOLJDPHQWVDQGFDUWLODJH
7KHVHFRPSRQHQWVZHUHDVVLJQHGPHFKDQLFDOSURSHUWLHVEDVHGRQJHQHULFFDGDYHULFGDWD
IRXQGIURPSXEOLVKHGVWXGLHV$ILQLWHHOHPHQWPRGHORIDEUDFHZDVFUHDWHGDQGILWWHGWR
WKHILQLWHHOHPHQWWRUVRPRGHO$VLPXODWLRQZDVFRQGXFWHGDVVLJQLQJVWUDSWHQVLRQVRI
11DQG1LQFUHPHQWDOO\)RUFHVJHQHUDWHGRQPDQ\UHJLRQVRIWKHEUDFHZHUH
FDOFXODWHGIRUHDFKVWUDSWHQVLRQDQGUHFRUGHG'XULQJWKHFOLQLFDODVVHVVPHQWWKHVDPH
SDWLHQWZDVXVHGDVLQWKHVLPXODWLRQ7KLVSDWLHQW¶VEUDFHZDVRXWILWWHGZLWKDGLJLWDO
SUHVVXUHVHQVLQJPDWWKDWZDVRYHUODLGWKURXJKRXWWKHHQWLUHEUDFHLQWHULRU%\PHDVXULQJ
WKHFRQWDFWDUHDLQFHUWDLQUHJLRQVEHWZHHQWKHSDWLHQW¶VWRUVRDQGWKHSUHVVXUHPDWWKH
DPRXQWRIIRUFHDSSOLHGE\WKHEUDFHLQWKDWUHJLRQZDVFDOFXODWHG7KLVIRUFHZDVFDOOHG
WKHHTXLYDOHQWIRUFH7KHVWUDSVZHUHWKHQWHQVLRQHGWR11DQG1LQFUHPHQWDOO\
DQGWKHIRUFHVJHQHUDWHGRQSDUWLFXODUUHJLRQVRIWKHEUDFHZHUHFDOFXODWHG%\XVLQJWKH
VDPHSDWLHQWVWUDSWHQVLRQDQGUHJLRQVHYDOXDWHGWKHVLPXODWLRQDQGFOLQLFDO
H[SHULPHQWVZHUHDEOHWREHHDVLO\FRPSDUHG7KHDXWKRUVFRQFOXGHGWKDWWKHUHVXOWV
IURPWKHILQLWHHOHPHQWPRGHOZHUHFRQVLVWHQWZLWKWKHFOLQLFDOUHVXOWV>@

,QERWK)(PRGHOVSURGXFHGE\1LHDQG'HVELDQ%ODLVWKHOLJDPHQWVFDUWLODJH
DQGRWKHUVWUXFWXUHVZHUHPRGHOHGE\HODVWLFEHDPHOHPHQWV7KHSURSHUWLHVRIWKHVH
HOHPHQWVZHUHDVVLJQHGEDVHGRQDYHUDJHSXEOLVKHGGDWDIRXQGIURPFDGDYHULF
VSHFLPHQV7KLVPHWKRGPHDQVWKDWWKHPHFKDQLFDOSURSHUWLHVRIWKHVH)(PRGHOVGLGQRW
UHSOLFDWHDVSHFLILFSDWLHQWEXWZDVRQO\DQDSSUR[LPDWLRQDQGFRXOGEHDVRXUFHRIHUURU
LQWKHLUPRGHOV


0HFKDQLFDO0RGHOIRU$QDO\]LQJ%UDFLQJ0HFKDQLFV


6FROLRVLV$QDORJ0RGHO

$PHFKDQLFDOO\HTXLYDOHQWDQDORJPRGHORIWKH$,6FRQGLWLRQZDVGHYHORSHG
)LJXUH$ IRUWKHSXUSRVHVRIHYDOXDWLQJVFROLRVLVEUDFLQJWHFKQRORJ\>@7KH
6FROLRVLV$QDORJ0RGHO 6$0 XVHGDOLQNDJHEDVHGV\VWHPWRVLPXODWH'VSLQDO







)LJXUH 6$0&XVWRPL]DWLRQDQG7HVWLQJ6HWXS
$ 6$0&RQFHSW% ;UD\0HDVXUHV& 6$0$VVHPEO\' 6$0DQG%UDFH( %UDFH
'LUHFWLRQV6RXUFH0RGLILHGZLWKSHUPLVVLRQ&KXQJ&/6FROLRVLV$QDORJ0RGHOIRU
WKH(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\>0DVWHU V@  2UWKRSDHGLF6XUJHU\DQG
%LRPHGLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI7HQQHVVHH+HDOWK6FLHQFH&HQWHU>@






FRUUHFWLRQRI&REE$QJOH &$ DQGD[LDOURWDWLRQ $5 GHIRUPLW\RIDVLQJOHFXUYH
VFROLRWLFVSLQH7KH6$0UHPRYHVWKHHIIHFWVRIJUDYLW\DQGPXVFOHDFWLYLW\DQG
SURYLGHVLQVLJKWLQWRWKHSXUHEUDFHORDGLQJPHFKDQLFV7KHPRGHOZDVDGMXVWDEOHWR
DFFRPPRGDWHXQLTXHVFROLRWLFGHIRUPLWLHVDQGDVVRFLDWHGEUDFHV7KH6$0ZDVGHVLJQHG
WRHQJDJHZLWKWKHLQWHULRUVXUIDFHRIDVFROLRVLVEUDFHDWHDFKRIWKHWKUHHOHYHOV
VXSHULRULQIHULRUDQGDWWKHDSH[&KDUDFWHULVWLFVDQGGLPHQVLRQVIURPSDWLHQWUHFRUGV
DQG(26LPDJHV (26,PDJLQJ)UDQFH >@ ,5%;3  )LJXUH% 
ZHUHXVHGWRFXVWRPL]HWKH6$0 )LJXUH& IRUXVHZLWKD%RVWRQEUDFHLQFOXGLQJ
VH[ PDOH DJH  KHLJKW P DQGZHLJKW 1 SUHEUDFHPHDVXUHV&$  DQG
$5  DQGLQEUDFHPHDVXUHVRI&$  DQG$5  7KLVZRUNKDVEHHQSUHVHQWHG
DWHQJLQHHULQJFRQIHUHQFHV>@DQGDFFHSWHGIRUSUHVHQWDWLRQDWFOLQLFDOO\UHODWHG
PHHWLQJV>@


6WUDS2SWLRQV

7KH6$0ZDVXVHGWRLQYHVWLJDWHWKHHIIHFWVRIDOWHULQJWKHQXPEHURI9HOFUR
EUDFHVWUDSV RU RQWKHEUDFHVWUXFWXUDOSURSHUWLHVDQGVSLQDOORDGLQJ
PHFKDQLFV>@7KH6$0ZDVPRXQWHGRQDSURJUDPPDEOHWHVWLQJSODWIRUP>@ZKLFK
ZDVSURJUDPPHGWRGLVSODFHWKHOLQNDJHV\VWHP:LWKDVFROLRVLVEUDFHPRXQWHGRQWKH
6$0 )LJXUH' GRZQZDUGGLVSODFHPHQWFDXVHGWKHOLQNDJHFRPSRQHQWVDQGVKHOOV
WRPRYHRXWZDUGDQGHQJDJHZLWKWKHLQQHUZDOOVRIWKHEUDFH'XULQJWKHVLPXODWLRQ
IRUFHVDQGDQJXODUGLVSODFHPHQWRIWKHOLQNDJHVZHUHPHDVXUHGDQGXVHGWRFDOFXODWHWKH
EUDFHVWUXFWXUDOVWLIIQHVVSURSHUWLHVDORQJWKHD[LDO FDXGDOFUDQLDOD[LVRUORQJD[LV DQG
UDGLDO PHGLDOODWHUDOD[LV GLUHFWLRQVRIWKHEUDFH )LJXUH(  7DEOH 

&RPSDUHGWRWKHXQFRQVWUDLQHG QRVWUDS EUDFHDVLJQLILFDQWLQFUHDVHLQERWK
VWLIIQHVVYDOXHVZDVREVHUYHGZLWKWKHDGGLWLRQRIVWUDSV$QDYHUDJHIROGLQFUHDVHZDV
REVHUYHGEHWZHHQWKHD[LDODQGUDGLDOVWLIIQHVVYDOXHV$QRSWLPDOEUDFHUDGLDOVWLIIQHVV
ZDVDFKLHYHGZLWKWKUHH9HOFURVWUDSVLHWKHUHZDVQRVLJQLILFDQWVWLIIQHVVJDLQHGE\
DGGLQJDIRXUWKVWUDSZKLFKVXSSRUWVWKHXVHRID9HOFURVWUDSEUDFHLQWKHSURSRVHG
VWXG\0HDVXUHGGLIIHUHQFHVLQEUDFHIRUFHUHVSRQVHDQGVWUXFWXUDOSURSHUWLHVGXHWREUDFH
GHVLJQDOWHUDWLRQVDJUHHGZLWKFOLQLFDOREVHUYDWLRQVPDGHE\/HEHOHWDO>@5DGLDODQG
D[LDOIRUFHUHVSRQVHVZHUHPHDVXUHG )LJXUH 7KHGLIIHUHQFHLQPHDVXUHGDQG
WKHRUHWLFDOD[LDOIRUFHFRPSRQHQWV LH1YHUVXV1 VXJJHVWVWKDWWKHEUDFH
DSSOLHVERWKLQZDUGDQGXSZDUGFRUUHFWLYHIRUFHVVLPLODUWRDGLVWUDFWLYHEUDFH)RUFH
UDQJHVPHDVXUHGZLWKWKH6$0ZHUHFRPSDUDEOHWRWKHDSSOLHGIRUFHVPHDVXUHGE\9DQ
GHQ+RXWHWDO>@


6WUDS7HQVLRQ

7ZRRUWKRWLVWVWLJKWHQHGDVWUDSEUDFHRQWRWKH6FROLRVLV$QDORJ0RGHO 6$0 
LQVHWVWUDSRUGHUVRIWRS 7 PLGGOH 0 DQGERWWRP % 7KHRUWKRWLVWVSUHIHUUHGWR
WLJKWHQDOOWKUHHVWUDSVDQGWKHQUHWLJKWHQWKHLQLWLDOVWUDSVSHFLILFDOO\LQWKHRUGHUVRI




7DEOH 0HDQ5DGLDODQG$[LDO6WLIIQHVV9DOXHVRI%UDFH&RQILJXUDWLRQV
1 

%UDFH
5DGLDO
6'
$[LDO
6'
&RQILJXUDWLRQ
1R6WUDSV




2QH9HOFUR6WUDS




7ZR9HOFUR6WUDSV




7KUHH9HOFUR6WUDSV




)RXU9HOFUR6WUDSV










)LJXUH ,QWHUSUHWDWLRQRI)RUFH0HFKDQLFV
6RXUFH5HSULQWHGZLWKSHUPLVVLRQ&KXQJ&/6FROLRVLV$QDORJ0RGHOIRUWKH
(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\>0DVWHU V@  2UWKRSDHGLF6XUJHU\DQG
%LRPHGLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI7HQQHVVHH+HDOWK6FLHQFH&HQWHU>@








07%0DQG0%707KHGLVWUDFWLYHIRUFH )' JHQHUDWHGE\WKHEUDFHZDV
PHDVXUHGXVLQJDVL[D[LVIRUFHVHQVRUDQGWKHLQGLYLGXDOVWUDSWHQVLRQV 77707% 
ZHUHUHFRUGHGXVLQJWHQVLRPHWHUV7KHSUHVFULEHGRYHUDOOVWUDSWHQVLRQ 72 ZDV
FDOFXODWHGDVWKHDYHUDJHRIWKH77707%YDOXHV0HDQGLVWUDFWLYHIRUFHUDQJHGIURP
1WR1DQGLQGLYLGXDOVWUDSWHQVLRQUDQJHGIURP1WR1,QGLYLGXDO
VWUDSWHQVLRQVIRU07%0DQG0%70RUGHUVZHUH111 72 
1 ZLWK1)'DQG111 72 1 ZLWK1)'
UHVSHFWLYHO\ZKHQDYHUDJHGDPRQJRUWKRWLVWV7KHPHDVXUHGVWUDSWHQVLRQUDQJHLV
VXSSRUWHGE\OLWHUDWXUH>@7KHVDPHGLVWUDFWLYHIRUFHDQGRYHUDOOVWUDSWHQVLRQ
ZDVDFKLHYHGE\XVLQJHLWKHUWLJKWHQLQJVHTXHQFH7KHUHODWLRQVKLSEHWZHHQWKH
PDJQLWXGHRIHDFKLQGLYLGXDOVWUDSWHQVLRQ 77707% DQGGLVWUDFWLYHORDG )' ZDV
GHWHUPLQHGXVLQJ%LYDULDWH3HDUVRQ&RUUHODWLRQV)RUERWKVWUDSSLQJVHTXHQFHV77ZDV
QHJDWLYHO\FRUUHODWHGZLWK)' S PHDQLQJWKDWJUHDWHUGLVWUDFWLYHIRUFHZDV
PHDVXUHGZKHQWKHWRSVWUDSZDVUHODWLYHO\ORRVH


)DFWRUV,QIOXHQFLQJ'LVFRPIRUW

*RRQHWLOHNHHWDOUHSRUWHGWKDWDVDQDSSOLHGIRUFHRQWKHKXPDQERG\LQFUHDVHG
WKHLUGLVFRPIRUWDOVRLQFUHDVHG>@$QDSSOLHGIRUFHRQWKHKXPDQERG\FRXOGFDXVH
GLVFRPIRUWSDLQRUSRVVLEO\LQMXU\>@0RUHRYHUWKHORDGEHDULQJFDSDFLW\RID
VWUXFWXUHFRXOGEHHQKDQFHGE\FRQFHQWUDWLQJWKHIRUFHVRQVWURQJHUVHFWLRQVWKXV
FRQFHQWUDWLQJWKHORDGDFURVVVWURQJHUVHFWLRQVRIWKHKXPDQERG\VKRXOGPLQLPL]H
GLVFRPIRUW>@,WKDVEHHQIRXQGWKDWWKHPDMRUFDXVHRISUHVVXUHVRUHVLVORFDOL]HGKLJK
SUHVVXUHVRQWKHERG\>@7VD\HWDOUHSRUWHGWKDWVKHDUVWUHVVLVDPDMRUIDFWRULQWKH
IRUPDWLRQRISUHVVXUHVRUHVVWDWLQJWKDWWKH\RULJLQDWHGLQGHHSWLVVXHZKHUHWKHKLJKHVW
VKHDUVWUHVVZDVIRXQG>@
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2EMHFWLYH


7KHREMHFWLYHRIWKLVVWXG\ZDVWRGHWHUPLQHWKHWHQVLRQGLVSODFHPHQWSURSHUWLHV
RIWKH&78GHYLFHVIRUGLIIHUHQWUDWHVRIVSULQJGLVWUDFWLRQDQGIRUGLIIHUHQWDPRXQWVRI
VSULQJWHQVLRQRXWSXW

7KHGHVLJQSDUDPHWHUVIRUWKH&78GHYLFHVZHUHWKHUDQJHRIVWUDSWHQVLRQRXWSXW
IRUFHDQGWKHDPRXQWRIEUDFHJDSRSHQLQJDQGFORVLQJ )LJXUH 7KHVHYDOXHVZHUH
HVWLPDWHGIURPGDWDIRXQGLQWKHOLWHUDWXUHDQGILWWLQJWULDOVWXGLHVZLWKWZRORFDO
RUWKRWLVWVZKRPHDVXUHGWKHSUHVFULEHGVWUDSWHQVLRQVHWWLQJVDWWKHWLPHRIWKHLUSDWLHQW¶V
EUDFHILWWLQJYLVLW7KHIRUFHYDOXHVUDQJHGIURPWR1DQGWKHUDQJHRIJDSRSHQLQJ
ZDVVHWWRDSSUR[LPDWHO\WRPP óWRòLQFKHV 7KHJDSUDQJHZDVVHWWRDERXW
PP òLQFK LQWKLVVWXG\WRVLPXODWHEUDFHJDSH[SDQVLRQDVVRFLDWHGGXULQJGHHS
EUHDWKLQJ


0DWHULDOV

9DULRXVW\SHVRIHTXLSPHQWZHUHXVHGIRUWKLVUHVHDUFK7KHHTXLSPHQWFRQVLVWHG
RIWKHFRPSRQHQWVWKDWPDGHXSWKHFRQWUROOHGWHQVLRQXQLWVDQGDVWDQGDUGPHFKDQLFDO
WHVWLQJSODWIRUP


&RQWUROOHG7HQVLRQ8QLWV &78 

7KHFRQWUROOHGWHQVLRQXQLW &78  )LJXUH ZDVPDGHXSRIDPDOHULYHW
DQGDIHPDOHULYHWZKLFKVHFXUHGWKHFRQVWDQWIRUFHVSULQJDQGWKHIULFWLRQOHVV
EHDULQJVWRWKHFDVH$QLQWHUQDOFDEOHZDVFRQQHFWHGWRWKHFRQVWDQWIRUFHVSULQJ
DQGZKHQSXOOHGURWDWHGDERXWWKHIHPDOHULYHWDOORZLQJWKHVSULQJWRH[WHQGWRZDUGVWKH
HQGRIWKHFDVH6SULQJH[WHQVLRQZDVDFFRPPRGDWHGE\WKHOHQJWKRIWKHFDVH7KH
WHQVLRQVHWWLQJRIWKH&78GHYLFHZDVGHWHUPLQHGE\WKHVWUHQJWKRIWKHFRQVWDQWIRUFH
VSULQJ7KHUHIRUHPXOWLSOH&78GHYLFHVFRXOGEHPDGHZLWKYDULRXVWHQVLRQVHWWLQJV
ZKLFKDOORZHGIRUDZLGHUDQJHRIWHQVLRQVHOHFWLRQ$OLGFRXOGEHHDVLO\DWWDFKHGWR
WKHFDVHXVLQJOLGVFUHZVUHVXOWLQJLQDFORVHGV\VWHP$9HOFURVWULSRQWKHEDFNRI
WKHFDVHDOORZHGIRUTXLFNDWWDFKPHQWRIWKHVWUDLJKWRXWOHW&78WRWKHSUHH[LVWLQJ
9HOFURVWUDSRQDVWDQGDUGEUDFH

7KHRYHUDOOWUDYHORIVSULQJZDVVHWWRPP ò´ DQGZDVOLPLWHGE\WKHOHQJWK
RIWKHFDVLQJ)RUWKLVSURWRW\SHWKHZRUNLQJVWURNHIRUWKHWHQVLRQGLVSODFHPHQWWHVWZDV
VHWWRPP ó´ 7KHHQFORVHGFDVLQJIRUWKH&78GHYLFHZDVLQWHQGHGWREHORZ
SURILOHVRDVWREHZRUQFRPIRUWDEO\XQGHUFORWKLQJDQGGXULQJGDLO\DFWLYLWLHV7KUHH






)LJXUH






([SORGHG/LQH'UDZLQJRID&78'HYLFH





GLIIHUHQWVSULQJFDSDFLWLHVZHUHVHOHFWHGKDYLQJIRUFHRXWSXWVRI11DQG1WR
DFFRPPRGDWHGLIIHUHQWVWUDSWHQVLRQVHWWLQJV,QWKHHQGWKH&78GHYLFHVZHUHGHVLJQHG
WRZRUNZLWKDQ\W\SHRIVWUDSSLQJV\VWHPFXUUHQWO\XVHGRQFRQYHQWLRQDOEUDFHV

7KHPDLQFRPSRQHQWRIWKH&78ZDVWKHFRQVWDQWIRUFHVSULQJ&RQVWDQWIRUFH
VSULQJVKDYHWKHXQLTXHFDSDELOLW\RIDSSO\LQJWKHVDPHIRUFHRYHUDODUJHUDQJHRU
ZRUNLQJOHQJWKWRZLWKLQRIWKHWDUJHWHGYDOXH UHIHUUHGWRDVWKHORDGWROHUDQFH 
7KHWHQVLRQGLVSODFHPHQWEHKDYLRURIDFRQVWDQWIRUFHVSULQJLVVKRZQLQ)LJXUH
$IWHUVRPHLQLWLDOVSULQJGLVSODFHPHQWWKHFKDQJHLQWKHVSULQJ¶VIRUFHUHVSRQVHLVVPDOO
RYHUDODUJHDPRXQWRIVSULQJGLVSODFHPHQW&RQVWDQWIRUFHVSULQJVKDYHDIDWLJXHOLIH
WKDWUDQJHVIURPF\FOHVWRRYHUDPLOOLRQF\FOHV7KHVSULQJVZRXOGQHHGWREH
UHSODFHGHYHU\PRQWKVRUDWHDFKIROORZXSYLVLW7KHIRUFHRXWSXWRIWKHVSULQJLVD
IXQFWLRQRIWKHWKLFNQHVVZLGWKGLDPHWHUDQGPDWHULDOW\SH0RVWRIIWKHVKHOIFRQVWDQW
IRUFHVSULQJVDUHPDGHRIVWDLQOHVVVWHHO%\ODPLQDWLQJRUVWDFNLQJFRQVWDQWIRUFHVSULQJV
WRJHWKHUKLJKHUWRWDOIRUFHVFDQEHDFKLHYHGZKLOHPDLQWDLQLQJDORZSURILOH&78GHYLFH
GHVLJQ )LJXUH :KHQVHOHFWLQJDFRQVWDQWIRUFHVSULQJDGGLWLRQDOIDFWRUVWKDWPXVW
EHLQFOXGHGLQWKHGHVLJQDUHWKHVSRROZKLFKPXVWEHJUHDWHUWKDQLQVLGH
GLDPHWHURIVSULQJWKHVSULQJPXVWKDYHòZUDSVUHPDLQLQJRQVSRROZKHQIXOO\
H[WHQGHGDQGWKHIXOOUDWHGORDGLVDFKLHYHGZKHQGHIOHFWHGDOHQJWKRIDSSUR[LPDWHO\ò
WLPHVVSRROGLDPHWHU


5RERWLF7HVWLQJ3ODWIRUP

 $PXOWLD[LVSURJUDPPDEOHWHVWLQJSODWIRUPVKRZQLQ)LJXUHZDVXVHGWKDW
DOORZHGWKHXVHUWRSURJUDPWKHDPRXQWDQGUDWHRIGLVSODFHPHQWDQGPHDVXUHWKHIRUFH
DORQJWKHGLVSODFHGD[LV>@7KHSODWIRUPKDGSURJUDPPDEOHD[HVWUDQVODWLRQDODQG
URWDWLRQDO7KHD[HVFRXOGEHFRQWUROOHGXQGHUGLVSODFHPHQWORDGRUFRPELQDWLRQV
WKHUHRI3RVLWLRQUHVROXWLRQZDVPLQ[PLQ]DQGqDERXW\7KHUHZHUH
VL[D[LVORDGFHOOVDWWDFKHGWRWKHXSSHUJLPEDODVVHPEO\DQGEDVHSODWIRUP7KH8SSHU
/RDG&HOO 8/& KDGDPD[FDSDFLW\RI1DQGDUHVROXWLRQRI17KH%RWWRP/RDG
&HOO %/& KDGDPD[FDSDFLW\RI1DQGDUHVROXWLRQRI17KHXVHRIWKH8/&
ZDVYDOLGDWHGDQGVKRZQLQ$SSHQGL[ )LJXUH$ 

0HWKRGV

7KHFRQWUROOHGWHQVLRQXQLWVZHUHPRXQWHGLQDURERWLFWHVWLQJSODWIRUP )LJXUH
 WKDWZDVSURJUDPPHGWRGLVSODFHWKH&78GHYLFHDWDVHWVSHHGDQGPHDVXUHWKH
IRUFHGLVSODFHPHQWUHVSRQVHRIWKHGHYLFH7KUHHGLIIHUHQWVSHHGVRUUDWHVRIVSULQJ
GLVSODFHPHQWZHUHFKRVHQD)DVW6SHHG ) ZLWKPD[LPXPVSHHGRIPPVDQ
,QWHUPHGLDWH6SHHG , RIPPVDQGD6ORZ6SHHG 6 RIDERXWPPV6LPLODUO\WKUHH
GLIIHUHQW&78GHYLFHVZHUHIDEULFDWHGDQGWHVWHGKDYLQJD/RZ7HQVLRQ / VHWWLQJRI
1D0HGLXP7HQVLRQ 0 VHWWLQJRI1DQGD+LJK7HQVLRQ + VHWWLQJRI1
(DFKVHWRI&78GHYLFHV /0+ ZDVWHVWHGIRXUWLPHVDWHDFKVSHHG 6,) 7KHWHVWLQJ
SURWRFROLVVKRZQLQ7DEOH7KHRXWSXWWHQVLRQDQGGLVSODFHPHQWRIWKH&78GHYLFHV






)LJXUH






)LJXUH



%HKDYLRURID&RQVWDQW)RUFH6SULQJ





/DPLQDWLQJWKH6SULQJVIRU,QFUHDVHG)RUFH2XWSXW







)LJXUH



5RERWLF7HVWLQJ3ODWIRUP







)LJXUH 7HVW6HWXSRID&78RQWKH7HVWLQJ3ODWIRUP
7KH8/&ZDVFRQQHFWHGWRWKHDFWXDWRUZKLFKZDVSURJUDPPHGWRPRYHXSZDUGDQG
H[WHQGWKHFRQVWDQWIRUFHVSULQJHQFORVHGLQWKH&78KRXVLQJ




7DEOH 7HQVLRQ6HWWLQJDQG6SHHG&RPELQDWLRQV



6SHHG
7HQVLRQ
6ORZ 6 
,QWHUPHGLDWH , 
)DVW ) 
/6
06
+6

/RZ / 
0HGLXP 0 
+LJK + 



/,
0,
+,





/)
0)
+)




ZHUHPHDVXUHGDQGSORWWHGWRGHWHUPLQHWKHZRUNLQJUDQJHDQGORDGWROHUDQFHRIHDFK
&78GHYLFH )LJXUH 7KHORDGWROHUDQFHZDVFDOFXODWHGXVLQJ(TXDWLRQ

ଵ
ο
(T 
 ݁ܿ݊ܽݎ݈݁ܶ݀ܽܮൌ ቀଶቁ ቀோ௧ௗௗቁ ͲͲͳݔΨ


5HVXOWV

7KHWHQVLRQGLVSODFHPHQWUHVSRQVHVRIWKHWKUHHGLIIHUHQW&78GHYLFHVDUHVKRZQ
LQ)LJXUHVWKURXJKIRUWKHWKUHHGLIIHUHQWUDWHVRIGLVSODFHPHQW)RXUWULDOVZHUH
UXQDWHDFKVSHHGDQGDYHUDJHG7KHFRUUHVSRQGLQJPHDQYDOXHVRIWKHUDWHGORDGDQG
ORDGWROHUDQFHVDUHOLVWHGLQ7DEOH7KHWDUJHWHGUDWHGORDGVRI11DQG1
ZHUHDFKLHYHGDQGWKHORDGWROHUDQFHVZHUHDOOZLWKLQWKHVSULQJPDQXIDFWXUHU¶V
VSHFLILFDWLRQRI


&RQFOXVLRQ

7KHIHDVLELOLW\RIGHVLJQLQJ&78GHYLFHVZLWKORDGVHWWLQJVRI11DQG
1ZDVVXFFHVVIXO7KHGHYLFHVDSSOLHGDUHODWLYHO\FRQVWDQWWHQVLRQRYHUDZRUNLQJ
UDQJHRIPPDQGPDLQWDLQHGDORDGWROHUDQFHZLWKLQ7KHIRUFHRXWSXW
UHVSRQVHDQGORDGWROHUDQFHVZHUHLQGHSHQGHQWRIWKHUDWHRIVSULQJGLVSODFHPHQW7KH
QH[WVWHSRIWKLVUHVHDUFKZDVWRFRPSDUHWKHVWUXFWXUDOVWLIIQHVVSURSHUWLHVRIDVWDQGDUG
EUDFHZLWKFRQYHQWLRQDO9HOFURVWUDSVYHUVXV&78GHYLFHVDVWKHIDVWHQLQJV\VWHP









)LJXUH






)LJXUH






)LJXUH


7HQVLRQ'LVSODFHPHQW5HODWLRQVKLSRID&78'HYLFH


/RZ7HQVLRQDW9DU\LQJ6SHHGV


0HGLXP7HQVLRQDW9DU\LQJ6SHHGV






)LJXUH +LJK7HQVLRQDW9DU\LQJ6SHHGV




7DEOH 5DWHG/RDGRI&78

:RUNLQJ 
6SHHG
5DQJH
6ORZ
,QWHUPHGLDWH
7HQVLRQ







)DVW

/RZ

5DWHG/RDG 1
5DWHG/RDG 1
5DWHG/RDG 1
/RDG7ROHUDQFH  /RDG7ROHUDQFH  /RDG7ROHUDQFH 

0HGLXP

5DWHG/RDG 1
5DWHG/RDG 1
5DWHG/RDG 1
/RDG7ROHUDQFH  /RDG7ROHUDQFH  /RDG7ROHUDQFH 

+LJK

5DWHG/RDG 1
5DWHG/RDG 1
5DWHG/RDG 1
/RDG7ROHUDQFH  /RDG7ROHUDQFH  /RDG7ROHUDQFH 
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2EMHFWLYH

7KHUHZHUHWZRREMHFWLYHVIRUWKLVVWXG\7KHILUVWREMHFWLYHZDVWRYDOLGDWHWKDW
WKH&78IRUFHRXWSXWZDVFRQVWDQWRYHUDILQLWHDPRXQWRIEUDFHJDSRSHQLQJDQGFORVLQJ
DVLWUHODWHVWRWKHEUDFHJDSVHSDUDWLRQ 7KHVHFRQGVWXG\REMHFWLYHZDVWRGHWHUPLQH
WKHFRUUHFWLYHIRUFHFDSDFLW\DQGVWUXFWXUDOVWLIIQHVVSURSHUWLHVRIDVWDQGDUGVWUDSEUDFH
XVLQJHLWKHU9HOFURVWUDSVRU&78GHYLFHVDVWKHIDVWHQLQJV\VWHP


0DWHULDOV


&RQWUROOHG7HQVLRQ8QLWV

6HHWKHGHVFULSWLRQLQ&KDSWHU


6WDQGDUG 9HOFUR6WUDS %UDFH

$RQHSLHFHULJLGSODVWLF%RVWRQ%UDFHIDEULFDWHGE\DQRUWKRWLVWWKDWXVHV9HOFUR
VWUDSVWRHQJDJHEUDFHWRWKHZHDUHU¶VWRUVR )LJXUH 


6WDQGDUG &78 %UDFH

,Q)LJXUHD9HOFURVWULSRQWKHEDFNRIWKH&78DOORZHGIRUTXLFN
DWWDFKPHQWWRWKH9HOFURVWUDSRQDVWDQGDUGEUDFH$FKDIHFRQQHFWHGWKH
SUHH[LVWLQJFKDIHDQGORRSRQWKHEUDFHWRWKHFDEOHE\FKDIHFRQQHFWRUV:KHQ
DWWDFKHGWRDEUDFHWKH&78DOORZHGWKHEUDFHWRRSHQRUFORVHDVHWGLVWDQFHZKLOH
DSSO\LQJDFRQVWDQWWHQVLRQ7KHYDULRXVEUDFHJDSGLVWDQFHVFRXOGEHDFFRPPRGDWHGE\
WUDQVODWLQJWKHXQLWDORQJWKHOHQJWKRIWKHVWUDSWRLWVRSWLPDOSODFHPHQW









)LJXUH ,Q7KLV6WXG\WKH%RVWRQ%UDFH:DV&DOOHGWKH6WDQGDUG 9HOFUR
6WUDS %UDFH









)LJXUH 6WDQGDUG &78 %UDFH
$9HOFURVWULSRQWKHEDFNRIWKH&78DOORZHGIRUTXLFNDWWDFKPHQWWRWKH9HOFUR
VWUDSRQDVWDQGDUGEUDFH$FKDIHFRQQHFWHGWKHSUHH[LVWLQJFKDIHDQGORRS
RQWKHEUDFHWRWKHFDEOHE\FKDIHFRQQHFWRUV






5RERWLF7HVWLQJ3ODWIRUP

6HHGHVFULSWLRQLQ&KDSWHU


6FROLRVLV$QDORJ0RGHO 6$0 

7KHVFROLRVLV$QDORJ0RGHO 6$0  )LJXUH LVDOLQNDJHEDVHGPHFKDQLFDO
DQDORJPRGHORIDVFROLRWLFVSLQH:KHQFRPELQHGZLWKWKHURERWLFWHVWLQJDVVHPEO\
SURJUDPPHGDFWXDWRUPRYHPHQWGLVSODFHGWKH6$0OLQNDJHV\VWHPZKLFKFKDQJHGWKH
GHJUHHRIFXUYDWXUH RU&REEDQJOH RIWKHVSLQDOGHIRUPLW\$ORDGFHOOSODFHGEHWZHHQ
WKHXSSHUDFWXDWRUDQG6$0PHDVXUHGWKHDPRXQWRIFRUUHFWLYHVSLQDOIRUFHDSSOLHGE\
WKHEUDFH6HHGHWDLOHGGHVFULSWLRQLQ%DFNJURXQG


/DE7HQVLRPHWHUV

$VHWRIFRPPHUFLDOWHQVLRPHWHUV %HUNOH\86$0D[&DSDFLW\1
5HVROXWLRQ1  )LJXUH ZHUHIL[HGWRWKHEUDFHWRDOORZIRUPHDVXUHPHQWRIWKH
9HOFURVWUDSWHQVLRQ7KHWHQVLRPHWHUVZHUHFRQWUROOHGDQGPRQLWRUHGXVLQJDFXVWRP
/DE9,(:SURJUDPWKDWDOORZHGIRUFRQWLQXRXVUHFRUGLQJRIVWUDSWHQVLRQ


0HWKRGV

7KUHHEUDFHFRQILJXUDWLRQVZHUHWHVWHG1DWLYH6WDQGDUG%UDFH6WDQGDUG &78 
%UDFHDQG6WDQGDUG 9HOFUR6WUDS %UDFH$ORZWHQVLRQ&78 §1 ZDVXVHGIRUDOO
WHVWVDQGWKHDFWXDWRUZDVSURJUDPPHGWRPRYHPPDWWKHLQWHUPHGLDWHVSHHGRI
DSSUR[LPDWHO\PPV,WZDVQRWHGWKDWWKH&78GLGQRWH[FHHGWKHZRUNLQJUDQJHGXH
WRWKLVPRYHPHQW7KURXJKRXWWKHPRYHPHQWWKHUHDFWLRQIRUFHVLQWKHFUDQLRFDXGDOD[LV
ZHUHFRQWLQXRXVO\UHFRUGHGE\WKH8/&DQGWKHVWUDSWHQVLRQLQWKHPHGLRODWHUDOD[LV
ZHUHFRQWLQXRXVO\UHFRUGHGE\WKHODEWHQVLRPHWHUV$OVRWKHGLJLWDOUHDGRXWVRQWKH
WHQVLRPHWHUVZHUHUHFRUGHGLQLWLDOO\DWPD[LPXPGLVSODFHPHQWDQGZKHQUHVHWWR
RULJLQDOSRVLWLRQ7KLVWHVWZDVUHSHDWHGWLPHVDQGWKHGDWDZHUHDYHUDJHG


1DWLYH6WDQGDUG%UDFH7HVW

,WZDVWKHRUL]HGWKDWWKHLQKHUHQWVWUXFWXUDOSURSHUWLHVRIWKHEUDFHZRXOGDFWOLNHD
FRQYHQWLRQDOVSULQJ8QOLNHFRQVWDQWIRUFHVSULQJVWKHIRUFHUHVSRQVHRIFRQYHQWLRQDO
VSULQJVFKDQJHVDVWKHVSULQJGLVSODFHPHQWFKDQJHV6LQFHWKHLQKHUHQWVWLIIQHVVEHKDYLRU
RIWKHQDWLYHEUDFHLVSDUWRIWKHVWLIIQHVVUHVSRQVHRIDQ\EUDFHZLWKDIDVWHQLQJGHYLFH
FRQQHFWHGWKHFRQWULEXWLRQRIWKHIDVWHQLQJGHYLFHV LH9HOFURVWUDSV&78GHYLFHV 
ZLOOEHHTXDOWRWKH6WLIIQHVVRI1DWLYH%UDFHSOXV)DVWHQLQJ'HYLFHVPLQXVWKH6WLIIQHVV
RI1DWLYH%UDFHDORQH7KXVDQDWLYHVWDQGDUGEUDFH LH%RVWRQ%UDFH ZDVWHVWHGWKUHH
WLPHVXVLQJWKHVDPHGLVWDQFHDFWXDWRUSDUDPHWHUVDVWKRVHGHVFULEHGDERYH )LJXUH 







)LJXUH 6$0&XVWRPL]DWLRQDQG7HVWLQJ6HWXS
$ 6$0&RQFHSW% ;5D\0HDVXUHV& 6$0$VVHPEO\' 6$0DQG%UDFH
6RXUFH0RGLILHGZLWKSHUPLVVLRQ&KXQJ&/6FROLRVLV$QDORJ0RGHOIRUWKH
(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\>0DVWHU V@  2UWKRSDHGLF6XUJHU\DQG
%LRPHGLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI7HQQHVVHH+HDOWK6FLHQFH&HQWHU>@








)LJXUH /DE7HQVLRPHWHUV
7KHWHQVLRPHWHUVZHUHDWWDFKHGWRDEUDFNHWWKDWZDVULJLGO\PRXQWHGWRWKHEUDFH






)LJXUH


1DWLYH6WDQGDUG%UDFH7HVW






6WDQGDUG &78 %UDFH7HVW

,QWKLVVHWXSWKHFRQYHQWLRQDO9HOFURVWUDSVZHUHUHSODFHGE\WKH&78GHYLFHV
7KH&78KRXVLQJZDVZUDSSHGLQ9HOFURDQGHDVLO\FRQQHFWHGWRWKHSUHH[LVWLQJ9HOFUR
VWUDSV:KHQDWWDFKHGWRWKHEUDFHWKH&78GHYLFHVDOORZHGWKHEUDFHWRRSHQDQGFORVH
DVHWGLVWDQFHZKLOHDSSO\LQJDFRQVWDQWWHQVLRQDFURVVWKHEUDFHJDS9DULRXVEUDFHJDSV
FRXOGEHDFFRPPRGDWHG7KH&78WUDQVODWHGDORQJWKHOHQJWKRIWKHVWUDS7RVHWWKH
WHQVLRQRQWKH&78VSULQJWKHFDEOHZDVSXOOHGRXWRIWKHKRXVLQJDQGDWWDFKHGWRD
FKDIHRQWKHRWKHUVLGHRIWKHEUDFHJDS)LJXUHVKRZVD6WDQGDUG &78 %UDFH
SURWRW\SHXVLQJ9HOFURDQGFKDIHVWRFRQQHFWWKH&78WRWKHEUDFH7KH6WDQGDUG &78 
%UDFHZDVWHVWHGWKUHHWLPHVXVLQJWKHVDPHGLVWDQFHDFWXDWRUSDUDPHWHUVDVWKRVH
GHVFULEHGDERYH


6WDQGDUG 9HOFUR6WUDS %UDFH7HVW

)RUWKLVEUDFHFRQILJXUDWLRQWKH&78GHYLFHVZHUHUHPRYHGDQGWKHFRQYHQWLRQDO
9HOFURVWUDSVZHUHUHFRQQHFWHG )LJXUH 7KHDFWXDWRUDQG8/&ZHUHVHWWRWKHVDPH
VWDUWLQJSRVLWLRQDVVHHQLQWKH6WDQGDUG &78 %UDFH7HVWDQGGLVSODFHGGRZQZDUGVWKH
VDPHGLVWDQFH8VLQJWKHODEWHQVLRPHWHUVWKHLQLWLDOVWUDSWHQVLRQZDVWLJKWHQHGWR
DSSUR[LPDWHO\WKHVDPHDPRXQWDVVHHQLQWKH6WDQGDUG &78 %UDFH7HVW$VLQWKH
SUHYLRXVWHVWVWKURXJKRXWWKHPRYHPHQWWKHUHDFWLRQIRUFHVLQWKHFUDQLRFDXGDOD[LV
ZHUHFRQWLQXRXVO\UHFRUGHGE\WKH8/&DQGWKHVWUDSWHQVLRQLQWKHPHGLRODWHUDOD[LV
ZHUHFRQWLQXRXVO\UHFRUGHGE\WKHODEWHQVLRPHWHUV$OVRWKHGLJLWDOUHDGRXWVRQWKH
WHQVLRPHWHUVZHUHUHFRUGHGLQLWLDOO\DWPD[LPXPGLVSODFHPHQWDQGZKHQUHVHWWR
RULJLQDOSRVLWLRQ7KLVWHVWZDVUHSHDWHGWLPHVDQGWKHGDWDZHUHDYHUDJHGLQWKHVDPH
ZD\SUHYLRXVO\GHVFULEHG7KHLQKHUHQWQDWLYHEUDFHVWUXFWXUDOSURSHUWLHVZHUHWKHQ
VXEWUDFWHGIURPWKHVHUHVXOWVSULRUWREHLQJFRPSDUHGZLWKWKH6WDQGDUG &78 %UDFH
SURSHUWLHV


5HVXOWV

$VXPPDU\RIWKHWHQVLRPHWHUVYDOXHVDWWKHEHJLQQLQJHQGDQGUHVHWSRVLWLRQVLV
SURYLGHGLQ7DEOHVDQGIRUWKHWZRIDVWHQLQJEUDFHFRQGLWLRQVDORQJZLWKWKH
PD[LPXPEUDFHJDSYDOXHV7KH&78PDLQWDLQHGLQLWLDOWHQVLRQZKLOH9HOFURORVWWHQVLRQ
DIWHUWKHPRYHPHQW
7KHIRUFHGLVSODFHPHQW VWUXFWXUDOVWLIIQHVV SURSHUWLHVRIWKHWZR³IDVWHQHG´
EUDFLQJFRQILJXUDWLRQVDUHVKRZQLQ)LJXUHVDQG7KHRYHUDOOIRUFHGLVSODFHPHQW
UHVSRQVH VKRZQLQEOXH LQFOXGHGWKHFRQWULEXWLRQRIWKHQDWLYHEUDFH7KHDFWXDO
SURSHUWLHVRIHDFKEUDFHIDVWHQLQJFRQILJXUDWLRQDUHVKRZQE\WKHUHGOLQHZKHUHWKH
QDWLYHEUDFHFRQWULEXWLRQZDVVXEWUDFWHGIURPWKHRYHUDOOUHVSRQVH

7KHPHDQWHQVLRQUHVSRQVHVRIWKHWHQVLRPHWHUVRYHUWKHHQWLUHUDQJHRI
GLVSODFHPHQWLVVKRZQLQ)LJXUHVDQGIRUWKHWZRGLIIHUHQWIDVWHQLQJV\VWHPV
7KH&78GHYLFHVSURYLGHGDJUHDWHUUDQJHRIEUDFHJDSGLVSODFHPHQWFRPSDUHGWRWKH






)LJXUH




6WDQGDUG &78 %UDFH7HVW







)LJXUH



6WDQGDUG 9HOFUR6WUDS %UDFH7HVW





7DEOH


6WDQGDUG &78 %UDFH0HDQ7HQVLRPHWHU5HDGRXW9DOXHV

0HDVXUH

7RS6WUDS

0LGGOH6WUDS

%RWWRP6WUDS

,QLWLDO7HQVLRQ 1 







)LQDO7HQVLRQDW0D[
'LVSODFHPHQW 1 







7HQVLRQDIWHU5HVHW 1 







'LVSODFHPHQW PP 











7DEOH 6WDQGDUG 9HOFUR6WUDS %UDFH0HDQ7HQVLRPHWHU5HDGRXW9DOXHV
IRU'LVSODFHPHQWLQ$OO6WUDSVPP





0HDVXUH

7RS6WUDS

0LGGOH6WUDS

%RWWRP6WUDS

,QLWLDO7HQVLRQ 1 







)LQDO7HQVLRQDW0D[
'LVSODFHPHQW 1 







7HQVLRQDIWHU5HVHW 1 














)LJXUH )RUFH'LVSODFHPHQW5HVSRQVHDORQJWKH&UDQLRFDXGDO$[LVRIWKH
6WDQGDUG &78 %UDFH






)LJXUH )RUFH'LVSODFHPHQW5HVSRQVHDORQJWKH&UDQLRFDXGDO$[LVRIWKH
6WDQGDUG 9HOFUR6WUDS %UDFH
%OXHOLQH$[LDO/RDGGXHWR%UDFHSOXV7HQVLRQLQJ'HYLFH5HGOLQH$[LDO/RDGGXHWR
7HQVLRQLQJ'HYLFH$ORQH













)LJXUH 0HDQ&787HQVLRQ7KURXJKRXW0HGLRODWHUDO'LVSODFHPHQW






)LJXUH 0HDQ9HOFUR6WUDS7HQVLRQ7KURXJKRXW0HGLRODWHUDO'LVSODFHPHQW








9HOFURVWUDSV0LQLPDOGLVSODFHPHQWRFFXUUHGZLWKWKH9HOFUR6WUDSFRQILJXUDWLRQDV
VKRZQLQ)LJXUH

7KHPD[LPDOWHQVLRPHWHUUHDGLQJVRFFXUUHGDWWKHHQGRIWUDYHODVVKRZQLQ
)LJXUHVDQG)RUWKH&78GHYLFHVWKHVWUDSWHQVLRQZDVFRQVWDQWRYHUWKH
UDQJHRIGLVSODFHPHQWDQGUHPDLQHGFORVHWRWKHWHQVLRQYDOXHRIWKH&78GHYLFH
DSSUR[LPDWHO\1 +RZHYHUWKHWHQVLRPHWHUUHDGLQJVZHUHVLJQLILFDQWO\JUHDWHUZLWK
WKH9HOFURVWUDSVEHLQJJUHDWHVWDWWKHWRSVWUDSDQGORZHVWDWWKHERWWRP )LJXUH 


'LVFXVVLRQ

'XULQJWKH6WDQGDUG &78 %UDFH7HVWPRUHEUDFHJDSRSHQLQJDQG&78
GLVSODFHPHQWRFFXUUHGDWWKHWRSVWUDSDQGZDVOHDVWDWWKHERWWRPVWUDS7KLVGLIIHUHQFH
PD\KDYHRFFXUUHGDVPRUHH[SDQVLRQLVQHHGHGDWWKHWRSRIWKHEUDFHIRUEUHDWKLQJ
EHQGLQJWZLVWLQJZKLFKRFFXUVPRVWO\LQWKHXSSHUWUXQN$OWKRXJKPDQ\GLIIHUHQW
PRYHPHQWVFDQRFFXUGXULQJYDULRXVGDLO\OLYLQJDFWLYLWLHVWKHVHWHVWVZHUHOLPLWHGWR
VLPXODWLRQRIRQHW\SHRIPRYHPHQWRYHUDOLPLWHGQXPEHURIF\FOHV


&RQFOXVLRQ

7KHORDGGLVSODFHPHQWEHKDYLRURIWKH6WDQGDUG &78 %UDFH DIWHUVXEWUDFWLRQRI
WKHQDWLYHEUDFH ZDVFRQVWDQWWKURXJKRXWPRYHPHQW7KLVILQGLQJVXSSRUWVWKHGHVLJQ
UDWLRQDOHWKDWWKH&78GHYLFHVFDQEHXVHGWRGHYHORSDPRUHIOH[LEOHG\QDPLFEUDFHWKDW
DOORZVIRUGLUHFWLRQDOPRYHPHQWZLWKRXWFRPSURPLVLQJWKHFRUUHFWLYHIRUFHFDSDFLW\RI
WKHEUDFH7KDWLVWKHVWUDSWHQVLRQVHWWLQJZLOOUHPDLQSUHVHQWLQGHSHQGHQWRIWKHEUDFH
JDSDOORZLQJIRURSSRUWXQLWLHVRIGHHSEUHDWKLQJLQFUHDVHGUDQJHRIPRYHPHQWDQGRU
LPSURYHGEUDFHIRUFHFRUUHFWLRQ0RUHRYHUWKHVWLIIQHVVSURSHUWLHVRIWKHFRQYHQWLRQDO
6WDQGDUG 9HOFUR6WUDS %UDFH DIWHUVXEWUDFWLRQRIWKH1DWLYH6WDQGDUG%UDFH ZHUHQRW
FRQVWDQW

/DVWO\WKHWHQVLRPHWHUYDOXHVIRU6WDQGDUG &78 %UDFHZHUHWKHVDPHDWWKHHQG
RIWKHPRYHPHQWDVZHOODVZKHQWKHEUDFHZDVUHVHWWRWKHRULJLQDOSRVLWLRQ+RZHYHU
WKHWHQVLRPHWHUVYDOXHVIRUWKH6WDQGDUG 9HOFUR6WUDS %UDFHFRQILJXUDWLRQLQFUHDVHG
VLJQLILFDQWO\ZLWKPLQLPDOJDSRSHQLQJDQGUHWXUQHGWRWKHRULJLQDOORZHUVHWWLQJZKHQ
WKHEUDFHUHVHWWRWKHRULJLQDOSRVLWLRQ









)LJXUH 0HDQ7HQVLRPHWHU5HDGRXWVDW(QG/LPLWRI7UDYHOIRU&78'HYLFHV
1 






)LJXUH 0HDQ7HQVLRPHWHU5HDGRXWVDW(QG/LPLWRI7UDYHOIRU9HOFUR
6WUDSV1 









&+$37(5678'<7+5((&203$5$7,9(&/,1,&$/7(67,1*2)
75$',7,21$/9(/&52675$369(56869(/&52675$36:,7+&78
'(9,&(6


2EMHFWLYH

7KHREMHFWLYHRIWKLVVWXG\ZDVWRGHWHUPLQHLI&78IDVWHQLQJGHYLFHUHGXFHG
GLVFRPIRUWZKLOHPDLQWDLQLQJDFRQVWDQWVWUDSWHQVLRQ6HYHUDOK\SRWKHVHVZHUHPDGHWKH
&78GHYLFHVZRXOGPDLQWDLQVWUDSWHQVLRQZKLOHWKH9HOFURZRXOGQRWWKH&78GHYLFHV
ZRXOGDOORZIRUJUHDWHUEUDFHIOH[LELOLW\WKH&78GHYLFHVZRXOGGHFUHDVHGLVFRPIRUW
DQGWKH&78GHYLFHVFRXOGLQFUHDVHVWUDSWHQVLRQVZLWKRXWLQIOXHQFLQJGLVFRPIRUW


0DWHULDOV


,QWHUQDO5HYLHZ%RDUG;3

7KLVVWXG\ZDVDSSURYHGE\WKHLQWHUQDOUHYLHZERDUGDW87+6&


6WDQGDUG 9HOFUR6WUDS %UDFH

6HHWKHGHVFULSWLRQLQ&KDSWHU


6WDQGDUG &78 %UDFH

6HHWKHGHVFULSWLRQLQ&KDSWHU


3RUWDEOH7HQVLRPHWHUV

'LJLWDOSRUWDEOHWHQVLRPHWHUV )LJXUH KDGDPRGLILHGKRXVLQJWKDWDOORZHG
IRUDVLPSOHDQGTXLFNDWWDFKPHQWWRWKHH[LVWLQJKDUGZDUHRQDEUDFH7KHPD[LPXP
FDSDFLW\ZDV1DQGWKHUHVROXWLRQZDV±0.09 N.7KHDWWDFKPHQWFDXVHGQRGDPDJHWR
WKHEUDFHDQGZDVQRWSHUPDQHQW7KLVV\VWHPDOORZHGIRUWKHWHQVLRQWREHDQDO\]HGIRU
DFRQYHQWLRQDO9HOFURVWUDS








)LJXUH



3RUWDEOH7HQVLRPHWHUVRQD%UDFH





:RQJ%DNHU)$&(6703DLQ5DWLQJ6FDOH

7KLVVFDOHZDVXVHGWRDLGWKHSDWLHQWLQGHVFULELQJGLVFRPIRUW )LJXUH 


*RQLRPHWHU

7KLVWRROZDVXVHGWRPHDVXUHWKHDPRXQWRIIRUZDUGEHQG


)ROGXS%HG

$SRUWDEOHEHGZDVEURXJKWLQWRWKHFOLQLFWRVLPXODWHVOHHSLQJFRQGLWLRQV


0HWKRGV


6WDQGDUG 9HOFUR6WUDS %UDFH7HVW

7KH6WDQGDUG 9HOFUR6WUDS %UDFHZDVRXWILWWHGZLWKSRUWDEOHWHQVLRPHWHUVDQG
WKHVWUDSVZHUHWLJKWHQHGWRWKHSUHVFULEHGWHQVLRQZKLOHWKHSDWLHQWZDVLQWKHVWDQGLQJ
SRVLWLRQ7KHWHQVLRQYDOXHVGLVSOD\HGE\WKHSRUWDEOHWHQVLRPHWHUVZHUHUHFRUGHG7KH
SDWLHQWWKHQSHUIRUPHGWKHIROORZLQJDFWLYLWLHV  6WDQG,QLWLDO  0D[LPXP
,QVSLUDWLRQ  &RQFDYH6LGH/\LQJ  &RQYH[6LGH/\LQJ  )RUZDUG%HQGDQG  
6WDQG)LQDO )LJXUHVDQG 

7KHVWUDSWHQVLRQJDSGLVWDQFH )LJXUH DQGGLVFRPIRUWZHUHHYDOXDWHGIRU
HDFKDFWLYLW\6WUDSWHQVLRQZDVPHDVXUHGXVLQJWKHSRUWDEOHWHQVLRPHWHUVJDSGLVWDQFH
ZDVPHDVXUHGXVLQJFDOLSHUVDQGWKHGLVFRPIRUWZDVHYDOXDWHGXVLQJWKH:RQJ%DNHU
)$&(6703DLQ5DWLQJ6FDOH7KHDPRXQWRIIRUZDUGEHQGZDVPHDVXUHGXVLQJD
JRQLRPHWHU


6WDQGDUG &78 %UDFH7HVW

7KHFRQYHQWLRQDOVWUDSVZHUHWKHQUHSODFHGZLWK&78GHYLFHV(DFK&78GHYLFH
ZDVVHOHFWHGWRPDWFKWKHSUHVFULEHGWHQVLRQSUHYLRXVO\UHFRUGHGLQWKHLQLWLDOVWDQGLQJ
SRVLWLRQVHWE\WKHRUWKRWLVW,WPD\KDYHEHHQWKDWWKHWRSPLGGOHDQGERWWRP&78
GHYLFHHDFKKDGDGLIIHUHQWWHQVLRQVHWWLQJ7KHJDSGLVWDQFHDQGGLVFRPIRUWZHUH
UHFRUGHGIRUHDFKDFWLYLW\DVZHOODVDPRXQWRIIRUZDUGEHQG









)LJXUH :RQJ%DNHU)$&(6703DLQ5DWLQJ6FDOH
6RXUFH5HSULQWHGZLWKSHUPLVVLRQ:RQJ%DNHU)$&(6)RXQGDWLRQ  
:RQJ%DNHU)$&(63DLQ5DWLQJ6FDOH5HWULHYHGZLWKSHUPLVVLRQIURP
KWWSZZZ:RQJ%DNHU)$&(6RUJ






)LJXUH &RQFDYHDQG&RQYH[6LGH/\LQJ
'HSHQGLQJRQWKHRULHQWDWLRQRIWKHFXUYHLQWKHFRURQDOSODQHWKHDSH[ZRXOGHLWKHUEH
EHWZHHQWKHERG\ZHLJKWDQGWKHEHGRUDERYHLW,WZDVWKHRUL]HGWKDWWKLVDEQRUPDOLW\
ZRXOGLQIOXHQFHWKHUHVXOWV2ULHQWDWLRQRIWKHFXUYHZDVGHWHUPLQHGE\DQRUWKRSHGLF
VXUJHRQXVLQJUDGLRJUDSKV














)LJXUH %RG\0HFKDQLFV'XULQJ%UDFLQJ:KLOH6WDQGLQJ9HUVXV6LGH/\LQJ
D &RRUGLQDWHGLUHFWLRQVRQDEUDFH E 0HFKDQLFVGXULQJXSULJKWVWDQFH F 0HFKDQLFV
GXULQJVLGHO\LQJ7KHVFROLRVLVEUDFHDSSOLHVDPXOWLGLUHFWLRQDOIRUFHWRWKHVSLQHWKDW
KDVFRPSRQHQWVZKLFKDOLJQDORQJWKHD[LDOGLUHFWLRQRUORQJD[LVRIWKHEUDFH )%BD[LDO DV
ZHOODVLQWKHUDGLDOGLUHFWLRQRIWKHEUDFH )%BUDGLDO  VHH D 'XULQJXSULJKWVWDQFHWKH
JUDYLWDWLRQDOIRUFHRIWKHXSSHUWRUVRZHLJKW )*BD[LDO DOLJQVZLWKWKHD[LDOGLUHFWLRQRIWKH
EUDFHDQGVSLQDOPXVFOHV )0BD[LDO DUHUHFUXLWHGWRPDLQWDLQSRVWXUDOFRQWURO>@WKDWDOVR
DOLJQZLWKWKHD[LDOGLUHFWLRQRIWKHEUDFH 6HH E +RZHYHUZKHQO\LQJGRZQWKH
JUDYLWDWLRQDOIRUFHRIWKHXSSHUWRUVRZHLJKWDOLJQVZLWKWKHUDGLDOGLUHFWLRQ )*BUDGLDO DQG
PXVFOHIRUFHVDUHPLQLPDO )0  DQGDUHQRORQJHUSUHVHQWWRDFWDJDLQVWWKHEUDFH 6HH
F 7KHGLUHFWLRQDOIRUFHFRPSRQHQWVRIWKHEUDFHGRQRWFKDQJH








)LJXUH



6WUDS7HQVLRQDQG*DS'LVWDQFH0HDVXUHPHQW





&78,QFUHDVH7HVW

$WLQLWLDOVWDQGLQJWKHWHQVLRQLQHDFK&78ZDVLQFUHPHQWDOO\LQFUHDVHGXQWLOWKH
SDWLHQWH[SHULHQFHGDJUHDWHUOHYHORIGLVFRPIRUWWKDQZKHQWKH9HOFURVWUDSVZHUH
IDVWHQHGWRWKHSUHVFULEHGWHQVLRQ7KHJRDOZDVWRDFKLHYHWKHKLJKHVWWHQVLRQSRVVLEOH
ZLWKRXWH[FHHGLQJWKHGLVFRPIRUWOHYHOVHWZLWKWKH9HOFURVWUDSV$SDLUHGWWHVWZDV
XVHGWRDQDO\]HWKHGDWDIURPWKHVXEMHFWVDQGWRHQVXUHQRUPDOLW\DSRZHUDQDO\VLVZDV
SHUIRUPHGIRUDSRZHU


5HVXOWV


6WUDS7HQVLRQ

9HOFURVWUDSVVKRZHGDVLJQLILFDQWORVVRIWHQVLRQ SSRZHU DIWHUZDUGV
ZKLOHWKH&78WHQVLRQZDVPDLQWDLQHG 7DEOHDQG)LJXUH 'XULQJLQVSLUDWLRQ
WRS SSRZHU DQGPLGGOH S 9HOFURVWUDSWHQVLRQZDVVLJQLILFDQWO\
KLJKHUWKDQ&78WHQVLRQ 7DEOHDQG)LJXUH &RQFDYHDQG&RQYH[VLGHO\LQJ
VDZVLJQLILFDQWORVVRI9HOFURVWUDSWHQVLRQ SSRZHU ZKHUHDVWKH&78
PDLQWDLQHGWHQVLRQLQERWKVLGHO\LQJSRVLWLRQV'XULQJIRUZDUGEHQGLQJWKHWHQVLRQV
ZHUHVLJQLILFDQWO\KLJKHUWKDQWKH&78IRUWKHWRS S DQGPLGGOH S
SRZHU 9HOFURVWUDSVZKHUHDVWKHERWWRP9HOFURWHQVLRQZDVVLJQLILFDQWO\ORZHU
WKDQWKH&78 SSRZHU 


*DS'LVWDQFH

'XULQJLQVSLUDWLRQWKH&78DOORZHGWKHXSSHUJDSWRH[SDQGVLJQLILFDQWO\
S IXUWKHUWKDQWKH9HOFURVWUDSVEXWPRUHVXEMHFWVDUHQHHGHGIRUVLJQLILFDQFH
ZLWKDSRZHU 7DEOHDQG)LJXUH ,QFRQYH[VLGHO\LQJ&78GHFUHDVHGWKH
XSSHUJDSGLVWDQFHVLJQLILFDQWO\EXWPRUHVXEMHFWVDUHQHHGHGIRUVLJQLILFDQFHZLWKD
SRZHU0RUHVXEMHFWVDUHQHHGHGIRUWKHRWKHUVLGHO\LQJPHDVXUHVDVZHOO'XULQJ
IRUZDUGEHQGLQJWKH&78VKRZHGDWUHQGIRUDOORZLQJWKHXSSHUJDSWRH[SDQGIXUWKHU
,QVWDQGILQDO&78GHFUHDVHGWKHORZHUJDSGLVWDQFHVLJQLILFDQWO\ZLWKDSRZHU
0RUHVXEMHFWVDUHQHHGHGWRVKRZVLJQLILFDQFHIRUWKHXSSHUJDSDVZHOO


'LVFRPIRUW

7KH&78GHYLFHVVLJQLILFDQWO\LPSURYHGGLVFRPIRUWIRUIRUZDUGEHQGLQJ S 
7DEOHDQG)LJXUH 7KH&78GHYLFHVVKRZHGDWUHQGIRULPSURYLQJGLVFRPIRUW
LQLQVSLUDWLRQ S  FRQFDYHDQGFRQYH[VLGHO\LQJDQGVWDQGILQDO






7DEOH


9HOFUR7HQVLRQ/RVVDW7RS0LGGOHDQG%RWWRP/HYHOV
/RFDWLRQ)DVWHQHU

,QLWLDO7HQVLRQ

)LQDO7HQVLRQ

7RS9HOFUR 1 





7RS&78 1 





0LGGOH9HOFUR 1 





0LGGOH&78 1 





%RWWRP9HOFUR 1 





%RWWRP&78 1 











)LJXUH 9HOFUR7HQVLRQ/RVVDW7RS0LGGOHDQG%RWWRP/HYHOV
LI9HOFURLQLWLDOYDOXHLVVLJQLILFDQWO\GLIIHUHQW S IURPILQDOYDOXHDWWKDWOHYHO
LI3RZHU









7DEOH
/HYHOV


9HOFUR9HUVXV&780HDQ7HQVLRQDW7RS0LGGOHDQG%RWWRP
&RQYH[
6LGH/\LQJ


)RUZDUG
%HQG


7RS9HOFUR 1 



&RQFDYH
6LGH/\LQJ


7RS&78 1 









0LGGOH9HOFUR 1 









0LGGOH&78 1 









%RWWRP9HOFUR 1 









%RWWRP&78 1 









/RFDWLRQ)DVWHQHU ,QVSLUDWLRQ







)LJXUH 9HOFUR9HUVXV&780HDQ7HQVLRQDW7RS0LGGOHDQG%RWWRP
/HYHOV
LI9HOFURYDOXHLVVLJQLILFDQWO\GLIIHUHQW S IURP&78YDOXHDWWKDWOHYHOLI
3RZHU1GHQRWHVWKHWRWDOQXPEHURIVXEMHFWVQHHGHGWRREWDLQVLJQLILFDQFHZLWKD
SRZHU3LVWKHFXUUHQWSYDOXHZLWKVXEMHFWV








7DEOH 9HOFUR9HUVXV&780HDQ8SSHUDQG/RZHU*DS'LVWDQFH&KDQJH
5HODWLYHWR6WDQG,QLWLDO

&RQFDYH
&RQYH[
)RUZDUG
6WDQG
6LGH
6LGH
/RFDWLRQ)DVWHQHU ,QVSLUDWLRQ
%HQG
)LQDO
/\LQJ
/\LQJ
8SSHU*DS9HOFUR





PP 
8SSHU*DS&78
PP 











/RZHU*DS9HOFUR
PP 











/RZHU*DS&78
PP 

















)LJXUH 9HOFUR9HUVXV&780HDQ8SSHUDQG/RZHU*DS'LVWDQFH&KDQJH
5HODWLYHWR6WDQG,QLWLDO
LI6LJQLILFDQWO\GLIIHUHQW S LI3RZHU1GHQRWHVWKHWRWDOQXPEHURI
VXEMHFWVQHHGHGWRREWDLQVLJQLILFDQFHZLWKDSRZHU3LVWKHFXUUHQWSYDOXHZLWK
VXEMHFWV









7DEOH


9HOFUR9HUVXV&780HDQ'LVFRPIRUW
,QVSLUDWLRQ

&RQFDYH
6LGH
/\LQJ

&RQYH[
6LGH
/\LQJ

)RUZDUG
%HQG

6WDQG
)LQDO

























)DVWHQHU

6WDQG
,QLWLDO

9HOFUR
'LVFRPIRUW
&78
'LVFRPIRUW







)LJXUH 9HOFUR9HUVXV&780HDQ'LVFRPIRUW
LI6LJQLILFDQWO\GLIIHUHQW S LI3RZHU1GHQRWHVWKHWRWDOQXPEHURI
VXEMHFWVQHHGHGWRREWDLQVLJQLILFDQFHZLWKDSRZHU3LVWKHFXUUHQWSYDOXHZLWK
VXEMHFWV






&78,QFUHDVH7HVW

7KH&78GHYLFHVDOORZHGIRUVLJQLILFDQWO\JUHDWHUVWUDSWHQVLRQVIRUWKHWRS S 
PLGGOH SSRZHU DQGERWWRP S VWUDSV7KH&78GHYLFHVDOORZHGIRU
VLJQLILFDQWO\VKRUWHUJDSGLVWDQFHV SSRZHU ZLWKRXWLQFUHDVLQJGLVFRPIRUW
7DEOH)LJXUHVDQG 


'LVFXVVLRQ


6WUDS7HQVLRQ


6WUDSWHQVLRQLVUHIHUULQJWRWKHDPRXQWRIIRUFHHDFK9HOFURVWUDSRU&78ZDV
DSSO\LQJDFURVVWKHJDSRQWKHEDFNRIWKHEUDFH


6WDQG,QLWLDO)LQDO9HOFURVWUDSVVKRZHGDVLJQLILFDQWORVVRIWHQVLRQ S
SRZHU DIWHUZDUGVZKLOHWKH&78WHQVLRQZDVPDLQWDLQHG7KH$FDGHP\RI
2UWKRWLVWVDQG3URVWKHWLVWVDVZHOODVPDQ\DXWKRUVFRQFOXGHWKDWDORVVRIVWUDSWHQVLRQ
GLUHFWO\UHVXOWVLQDORVVRILQEUDFHFXUYHFRUUHFWLRQFRQVHTXHQWO\OHDGLQJWRGHFUHDVHG
EUDFHHIILFDF\>@


,QVSLUDWLRQ'XULQJLQVSLUDWLRQWRS SSRZHU DQGPLGGOH S 
9HOFURVWUDSWHQVLRQZDVVLJQLILFDQWO\KLJKHUWKDQ&78WHQVLRQ7KLVLQFUHDVHLVOLNHO\D
IDFWRULQVWUDSWHQVLRQORVV,WDOVRVXJJHVWVWKDWPRUHHIIRUWLVUHTXLUHGGXULQJGHHS
EUHDWKLQJ6WXGLHVKDYHUHSRUWHGDQLQFUHDVHLQVWUDSWHQVLRQGXULQJLQVSLUDWLRQ
>@2WKHUVKDYHFRQFOXGHGWKDWLQFUHDVHUHVWULFWLRQWRFKHVWH[SDQVLRQLPSHGHV
SXOPRQDU\IXQFWLRQ>@


6LGH/\LQJ&RQFDYHDQG&RQYH[VLGHO\LQJVDZVLJQLILFDQWORVVRI9HOFURVWUDS
WHQVLRQ SSRZHU ZKHUHDVWKH&78GHYLFHVPDLQWDLQHGWHQVLRQLQERWKVLGH
O\LQJSRVLWLRQVVLPLODUWRUHSRUWHGILQGLQJV>@7KLVILQGLQJVKRZVWKDW9HOFUR
VWUDSWHQVLRQLVQRWPDLQWDLQHGGXULQJVOHHSZKHUHDVLWLVPDLQWDLQXVLQJ&78GHYLFHV
$XELQHWDOFRQFOXGHGWKDWDORVVRIVWUDSWHQVLRQGXULQJQLJKWWLPHZHDUPD\KDYH
LPSRUWDQWFRQVHTXHQFHVFRQFHUQLQJEUDFHHIILFDF\>@.DW]HWDOUHSRUWHGWKDWSDWLHQWV
ZKRZRUHWKHLUEUDFHGXULQJWKHGD\ZHUHPRUHVWURQJO\DVVRFLDWHGZLWKVXFFHVVIXO
RXWFRPHVWKDQWKRVHZKRZRUHLWDWQLJKW>@,WLVSRVVLEOHWKDWWKLVRXWFRPHLVGXHWRD
ORVVRIVWUDSWHQVLRQZKHQO\LQJGRZQ$OVRQRVLJQLILFDQWGLIIHUHQFHZDVIRXQGLQWKH
GLVFRPIRUWIRUFRQFDYHRUFRQYH[VLGHO\LQJLQRWKHUZRUGVPDLQWDLQLQJVWUDSWHQVLRQGLG
QRWFKDQJHWKHGLVFRPIRUW








7DEOH


&78,QFUHDVH7HVW0HDQ9DOXHV
0HDVXUH

3UHVFULEHG9HOFUR &78,QFUHDVH7HVW

'LVFRPIRUW





7RS6WUDS 1 





0LGGOH6WUDS 1 





%RWWRP6WUDS 1 





8SSHU*DS PP 





/RZHU*DS PP 












)LJXUH &78,QFUHDVH7HVW0HDQ6WUDS7HQVLRQZLWK6XEMHFWV
LI6LJQLILFDQWO\GLIIHUHQW S LI3RZHU










)LJXUH &78,QFUHDVH7HVW0HDQ*DS'LVWDQFHZLWK6XEMHFWV
LI6LJQLILFDQWO\GLIIHUHQW S LI3RZHU








)RUZDUG%HQG'XULQJIRUZDUGEHQGLQJWKHWHQVLRQVZHUHVLJQLILFDQWO\KLJKHU
WKDQWKH&78IRUWKHWRS S DQGPLGGOH SSRZHU 9HOFURVWUDSV0DF
7KLRQJHWDOFRQFOXGHGWKDWKLJKVWUDSWHQVLRQVFRUUHODWHGZLWKJUHDWHUGLVFRPIRUW>@


/LPLWDWLRQV$Q\VPDOODPRXQWRIERG\IOXFWXDWLRQEUHDWKLQJIRUH[DPSOH
DOWHUHGWKH9HOFURWHQVLRQUHDGRXW7KHYDOXHVZHUHDFFXUDWHWRDERXW1+RZHYHUWKH
VWDWLVWLFVZHUHUHFDOFXODWHGXVLQJWKHPD[LPXPHUURUYDOXHVDQGVLJQLILFDQFHZDV
XQDIIHFWHGIRUDOODFWLYLWLHV$OVRWKHSRUWDEOHWHQVLRPHWHUVZHUHQRWFRQQHFWHGWRWKH
&78GXULQJWKHWHVW7KXVLWZDVDVVXPHGWKDWWKHZRUNLQJUDQJHRIWKH&78ZDVQRW
H[FHHGHG,IWKH&78ZDVRYHUH[WHQGHGWKHQWKHWHQVLRQZRXOGKDYHEHHQKLJKHUWKDQ
WKHUHFRUGHGYDOXHV,IWKH&78ZDVQRWH[WHQGHGDWDOOWKHQQRWHQVLRQZRXOGKDYHEHHQ
SUHVHQW7KLVLVVXHLVHDVLO\UHVROYHGE\FUHDWLQJ&78GHYLFHVZLWKDJUHDWHUZRUNLQJ
UDQJH


*DS'LVWDQFH


*DSGLVWDQFHLVUHIHUULQJWRHLWKHUWKHDEVROXWHOHQJWKRIWKHJDSRQWKHEDFNRIWKH
EUDFHRUWKHFKDQJHLQWKHOHQJWKRIWKHJDS7KHFKDQJHLQJDSGLVWDQFHLVRIWHQUHIHUUHG
WRDVUHODWLYHJDSGLVWDQFH


6WDQG,QLWLDO)RUWKLVPHDVXUHVWDWLVWLFDODQDO\VLVZDVSHUIRUPHGRQDEVROXWH
JDSGLVWDQFHVDVZHOODVUHODWLYHJDSGLVWDQFH1RVLJQLILFDQWGLIIHUHQFHVZHUHIRXQGLQ
WKHXSSHURUORZHUJDSGLVWDQFHEHWZHHQ9HOFURVWUDSDQG&78FRQILJXUDWLRQVIRUHLWKHU
DEVROXWHRUUHODWLYHYDOXHV7KLVRXWFRPHVKRZVWKDWDWVLPLODUWHQVLRQVWKHEUDFHUHVWHG
DWFORVHWRWKHVDPHSODFHRQWKHERG\WKHRUHWLFDOO\DFKLHYLQJVLPLODUFXUYHFRUUHFWLRQ


,QVSLUDWLRQ'XULQJLQVSLUDWLRQWKH&78DOORZHGWKHXSSHUJDSWRH[SDQG
VLJQLILFDQWO\ S IXUWKHUWKDQWKH9HOFURVWUDSVEXWPRUHVXEMHFWVDUHQHHGHGIRU
VLJQLILFDQFHZLWKDSRZHU$XWKRUVKDYHFRQFOXGHGWKDWLQFUHDVLQJEUDFHIOH[LELOLW\
HQKDQFHVFRPIRUWDQGLPSURYHVSDWLHQWFRPSOLDQFH>@

6LGH/\LQJ,QFRQYH[VLGHO\LQJ&78GHFUHDVHGWKHXSSHUJDSGLVWDQFH
VLJQLILFDQWO\EXWPRUHVXEMHFWVDUHQHHGHGIRUVLJQLILFDQFHZLWKDSRZHU0RUH
VXEMHFWVDUHQHHGHGIRUWKHRWKHUVLGHO\LQJPHDVXUHVDVZHOO6WXGLHVVKRZJUHDWHUFXUYH
FRUUHFWLRQDQGWUXQNPXVFOHUHOD[DWLRQZKHQO\LQJGRZQ>@ZKLFKFRXOG
FRQWULEXWHWRJDSFORVXUH,WZDVQRWHGGXULQJWKHWHVWWKDWVLGHO\LQJQDWXUDOO\GHFUHDVHG
WKHEUDFHJDSGLVWDQFHUHJDUGOHVVRIVWUDSWHQVLRQ,QPDQ\FDVHVWKHDPRXQWRIQDWXUDO
JDSGHFUHDVHH[FHHGHGWKHZRUNLQJUDQJHRIWKH&78WKXVUHQGHULQJLWLUUHOHYDQW
+RZHYHUWKLVSUREOHPFRXOGEHHDVLO\VROYHGE\UHSRVLWLRQLQJWKH&78VRWKDWLWLV
HQJDJHGRUFUHDWLQJD&78ZLWKDORQJHUZRUNLQJUDQJH






)RUZDUG%HQG'XULQJIRUZDUGEHQGUHODWLYHYDOXHVWKH&78VKRZHGDWUHQG
IRUDOORZLQJWKHXSSHUJDSWRH[SDQGIXUWKHU7KLVGLIIHUHQFHVKRZVWKDWWKH&78
SURYLGHGJUHDWHUIOH[LELOLW\DQGFRPIRUWGXULQJIRUZDUGEHQGLQJZKLFKFRXOGOHDGWR
PRUHKRXUVRIEUDFHZHDU>@


6WDQG)LQDO,QVWDQGILQDOUHODWLYHYDOXHVWKH&78GHYLFHVGHFUHDVHGWKHORZHU
JDSGLVWDQFHVLJQLILFDQWO\ZLWKDSRZHU$QHVWLPDWHGIRXUPRUHVXEMHFWVDUHQHHGHG
WRVKRZVLJQLILFDQFHIRUWKHXSSHUJDSZLWKDSRZHU7KLVGHFUHDVHVKRZVWKDWHYHQ
WKRXJKWKH&78GHYLFHVDOORZHGIRUWKHEUDFHWRH[SDQGGXULQJFHUWDLQPRYHPHQWVLW
ZDVDEOHWRSXOOWKHEUDFHEDFNWRWKHSURSHUSRVLWLRQZKHQWKHSDWLHQWUHOD[HG7KHUHIRUH
WKH&78LQFUHDVHGIOH[LELOLW\ZLWKRXWFRPSURPLVLQJFRUUHFWLYHFDSDFLW\RIWKHEUDFH


'LVFRPIRUW

7KH&78GHYLFHVVLJQLILFDQWO\LPSURYHGGLVFRPIRUWIRUIRUZDUGEHQGLQJ
S 7KH&78GHYLFHVVKRZHGDWUHQGIRULPSURYLQJGLVFRPIRUWLQLQVSLUDWLRQ
S  FRQFDYHDQGFRQYH[VLGHO\LQJDQGVWDQGILQDO,WKDVEHHQUHSRUWHGWKDW
GLVFRPIRUWRIWHQOHDGVWRSRRUSDWLHQWFRPSOLDQFHWRWKHSUHVFULEHGGXUDWLRQRIEUDFH
ZHDU>@0RUHRYHUVHYHUDODXWKRUVKDYHFRQFOXGHGWKDWSRRUSDWLHQWFRPSOLDQFH
GHFUHDVHVWUHDWPHQWHIILFDF\>@7KHUHIRUHGHFUHDVLQJGLVFRPIRUWLQFUHDVHV
WUHDWPHQWHIILFDF\

'XULQJDFWLYLW\WKHSDWLHQWVPD\KDYHFRQVFLRXVO\RUVXEFRQVFLRXVO\SUHYHQWHG
WKHPVHOYHVIURPH[SHULHQFLQJSDLQRUJUHDWGLVFRPIRUW.HQQHG\HWDOIRXQGWKDWEUDFHV
FDXVHLQFUHDVHGXSSHUULEFDJHPRYHPHQWDQGGHFUHDVHGORZHUULEFDJHPRYHPHQW>@


5DQJHRI0RWLRQ

7KHSDWLHQWVZHUHQRWDEOHWRSHUIRUPWKLVPRWLRQFRQVLVWHQWO\WKXVWKHGDWDZHUH
LQFRQFOXVLYH


&78,QFUHDVH7HVW

7KH&78GHYLFHVDOORZHGIRUVLJQLILFDQWO\JUHDWHUVWUDSWHQVLRQVIRUWKHWRS
S PLGGOH SSRZHU DQGERWWRP S VWUDSV7KH&78GHYLFHV
DOORZHGIRUVLJQLILFDQWO\VKRUWHUJDSGLVWDQFHV SSRZHU ZLWKRXWLQFUHDVLQJ
GLVFRPIRUW6HYHUDODXWKRUVDJUHHWKDWLQFUHDVLQJVWUDSWHQVLRQLPSURYHVLQEUDFH
FRUUHFWLRQZKLFKHQKDQFHVWUHDWPHQWHIILFDF\>@2QWKHIOLSVLGH
LQFUHDVLQJVWUDSWHQVLRQDOVRLQFUHDVHVGLVFRPIRUW>@%\XVLQJ&78GHYLFHVVWUDS
WHQVLRQFRXOGLQFUHDVHZKLOHPDLQWDLQLQJGLVFRPIRUWWKHQWUHDWPHQWHIILFDF\RIVFROLRVLV
EUDFLQJZRXOGEHHQKDQFHG





&RQFOXVLRQ


7KH&78GHYLFHVLPSURYHGEUDFLQJLQVFROLRVLVE\PDLQWDLQLQJVWUDSWHQVLRQ
LPSURYLQJEUDFHIOH[LELOLW\GHFUHDVLQJGLVFRPIRUWDWVLPLODUWHQVLRQVRUDFKLHYLQJKLJKHU
WHQVLRQVZLWKRXWLQFUHDVLQJGLVFRPIRUW&78WHQVLRQFDQDOVREHVHOHFWHGDQG
FRQVLVWHQWO\UHSOLFDWHGRXWVLGHRIWKHFOLQLF7KHVHLPSURYHPHQWVVKRXOGHQKDQFHWKH
WUHDWPHQWHIILFDF\OHDGLQJWRIHZHUVXUJHULHVDQGHQKDQFHGTXDOLW\RIOLIH






&+$37(5)8785(:25.


)RUWKH6WDQGDUG &78 %UDFHPRUHVDPSOHVDUHQHHGHGIRUWKHWUHQGVWREHFRPH
VLJQLILFDQW7KHUHLVDOVRDQHHGWRFRPSDUHUDGLRJUDSKVRIWKH6WDQGDUG 9HOFUR6WUDS 
%UDFHDQGWKH6WDQGDUG &78 %UDFHWRFRQILUPWKDWVLPLODULQEUDFHFRUUHFWLRQLV
DFKLHYHG,WZRXOGDOVREHEHQHILFLDOWRFUHDWH&78ZLWKODUJHUZRUNLQJUDQJHV,WLV
K\SRWKHVL]HGWKDWVWUDWHJLFFXWRXWVFDQEHPDGHRQDEUDFHWRHQKDQFHGLUHFWLRQDO
IOH[LELOLW\DQGGHFUHDVHGLVFRPIRUW,IWKLVK\SRWKHVLVLVWUXHWKHQKLJKHUFRUUHFWLYHIRUFHV
PD\EHDSSOLHGE\FRPELQLQJWKHPRGLILHGEUDFHZLWK&78DQGRU9HOFURVWUDSVWKHQWKH
EUDFHHIIHFWLYHQHVVFDQLQFUHDVHHYHQIXUWKHUZLWKRXWLQFUHDVLQJGLVFRPIRUW5DGLRJUDSKV
LQWKLVPRGLILHGEUDFHDUHDOVRQHFHVVDU\)RUFRPIRUWDEOHEUDFHZHDURYHUDSURORQJHG
SHULRGRIWLPHWKH&78ZLOOKDYHWREHORZHUSURILOH2QHZD\WKLVGHVLJQFDQEH
DFFRPSOLVKHGLVE\LPSOHPHQWLQJFDYLWLHVLQWKHEUDFHVKHOOIRUWKH&78GHYLFHWRILW
LQWR






/,672)5()(5(1&(6


 'H*UDDII9)R[.0 9DQ'H6,.0  &RQFHSWVRIKXPDQ
DQDWRP\ SK\VLRORJ\ 1R439 

 0DUX\DPD7*ULYDV7% .DVSLULV$  (IIHFWLYHQHVVDQGRXWFRPHVRI
EUDFHWUHDWPHQWDV\VWHPDWLFUHYLHZ3K\VLRWKHUDS\WKHRU\DQGSUDFWLFH  


 $OWDI)*LEVRQ$'DQQDZL= 1RRUGHHQ+  $GROHVFHQWLGLRSDWKLF
VFROLRVLV%PMI

 6FROLRVLV5HVHDUFK6RFLHW\ QG 5HWULHYHG-XO\IURPKWWSZZZVUVRUJ

 1DWLRQDO6FROLRVLV)RXQGDWLRQ QG 5HWULHYHG-XO\IURP
KWWSZZZVFROLRVLVRUJ

 *UHLQHU.$  $GROHVFHQWLGLRSDWKLFVFROLRVLVUDGLRORJLFGHFLVLRQ
PDNLQJ$PHULFDQIDPLO\SK\VLFLDQ  

 'HVFKrQHV6&KDUURQ*%HDXGRLQ*/DEHOOH+'XERLV-0LURQ0& 
3DUHQW6  'LDJQRVWLFLPDJLQJRIVSLQDOGHIRUPLWLHVUHGXFLQJSDWLHQWV
UDGLDWLRQGRVHZLWKDQHZVORWVFDQQLQJ;UD\LPDJHU6SLQH  

 ,OOpV77XQ\RJL&VDSy0 6RPRVNH|\6  %UHDNWKURXJKLQWKUHH
GLPHQVLRQDOVFROLRVLVGLDJQRVLVVLJQLILFDQFHRIKRUL]RQWDOSODQHYLHZDQGYHUWHEUD
YHFWRUV(XURSHDQ6SLQH-RXUQDO  

 5LVVHU-&  7KHFODVVLFWKHLOLDFDSRSK\VLVDQLQYDOXDEOHVLJQLQWKH
PDQDJHPHQWRIVFROLRVLV&OLQLFDO2UWKRSDHGLFVDQG5HODWHG5HVHDUFK  


:RQJ+. 7DQ.-  7KHQDWXUDOKLVWRU\RIDGROHVFHQWLGLRSDWKLF
VFROLRVLV,QGLDQMRXUQDORIRUWKRSDHGLFV  

/DPDUUH0(3DUHQW6/DEHOOH+$XELQ&(-RQFDV-&DEUDO$ 3HWLW
<  $VVHVVPHQWRIVSLQDOIOH[LELOLW\LQDGROHVFHQWLGLRSDWKLFVFROLRVLV
VXVSHQVLRQYHUVXVVLGHEHQGLQJUDGLRJUDSK\6SLQH  

.XURNL+,QRPDWD1+DPDQDND+&KRVD( 7DMLPD1  6LJQLILFDQFH
RIKDQJLQJWRWDOVSLQH[UD\WRHVWLPDWHWKHLQGLFDWLYHFRUUHFWLRQDQJOHE\EUDFH
ZHDULQJLQLGLRSDWKLFVFROLRVLVSDWLHQWV6FROLRVLV  





:HLQVWHLQ6/'RODQ/$:ULJKW-* 'REEV0%  (IIHFWVRI
EUDFLQJLQDGROHVFHQWVZLWKLGLRSDWKLFVFROLRVLV1HZ(QJODQG-RXUQDORI
0HGLFLQH  

/HQNH/*%HW]55+DUPV-%ULGZHOO.+&OHPHQWV'+/RZH7*
%ODQNH.  $GROHVFHQWLGLRSDWKLFVFROLRVLV7KH-RXUQDORI%RQH -RLQW
6XUJHU\  

5LQVN\/$ *DPEOH-*  $GROHVFHQWLGLRSDWKLFVFROLRVLV:HVWHUQ
-RXUQDORI0HGLFLQH  

0DF7KLRQJ-03HWLW<$XELQ&e'HORUPH6'DQVHUHDX- /DEHOOH+
 %LRPHFKDQLFDOHYDOXDWLRQRIWKH%RVWRQEUDFHV\VWHPIRUWKHWUHDWPHQWRI
DGROHVFHQWLGLRSDWKLFVFROLRVLVUHODWLRQVKLSEHWZHHQVWUDSWHQVLRQDQGEUDFHLQWHUIDFH
IRUFHV6SLQH  

<UM|QHQ7<OLNRVNL06FKOHQ]ND' 3RXVVD0  5HVXOWVRIEUDFH
WUHDWPHQWRIDGROHVFHQWLGLRSDWKLFVFROLRVLVLQER\VFRPSDUHGZLWKJLUOVD
UHWURVSHFWLYHVWXG\RISDWLHQWVWUHDWHGZLWKWKH%RVWRQEUDFH(XURSHDQ6SLQH
-RXUQDO  

2QOLQH/HDUQLQJ&HQWHU QG 5HWULHYHG0D\IURP
KWWSZZZRDQGSRUJROFOHVVRQVKWPO

$XELQ&e/DEHOOH+5XV]NRZVNL$3HWLW<*LJQDF'-RQFDV- 
'DQVHUHDX-  9DULDELOLW\RIVWUDSWHQVLRQLQEUDFHWUHDWPHQWIRUDGROHVFHQW
LGLRSDWKLFVFROLRVLV6SLQH  

/LSWRQ*( %RZHQ-5  7KH:LOPLQJWRQEUDFHLQWKHWUHDWPHQWRI
DGROHVFHQWLGLRSDWKLFVFROLRVLV6FROLRVLV5HVHDUFK6RFLHW\3XEOLVKHUV8SGDWHG

(PDQV-  7KH%UDFLQJ0DQXDO7KH%RVWRQ%UDFH6FROLRVLV5HVHDUFK6RFLHW\
ZZZVUVRUJ 

%HUQDUGLQL) 5XVKPHLHU+ -XQH 7KH'PRGHODFTXLVLWLRQSLSHOLQH
,Q&RPSXWHUJUDSKLFVIRUXP 9RO1RSS %ODFNZHOO3XEOLVKHUV/WG

*OREDO&$'&$0VROXWLRQIRU&32 QG 5HWULHYHG-XO\IURP
KWWSURGLQGFRPHQ

%RLYLH.'ROLQãHN6 +RPDU'  +\EULG0DQXIDFWXULQJ,QWHJUDWLRQRI
$GGLWLYH7HFKQRORJLHVIRU&RPSHWLWLYH3URGXFWLRQRI&RPSOH[7RROVDQG3URGXFWV
,Q3URFHHGLQJVRIWKH,QWHUQDWLRQDO5HVHDUFK([SHUW&RQIHUHQFH´7UHQGVLQWKH
'HYHORSPHQWRI0DFKLQHU\DQG$VVRFLDWHG7HFKQRORJ\´707





:RQJ06&KHQJ-&<:RQJ0: 6R6)  $ZRUNVWXG\RIWKH
&$'&$0PHWKRGDQGFRQYHQWLRQDOPDQXDOPHWKRGLQWKHIDEULFDWLRQRIVSLQDO
RUWKRVHVIRUSDWLHQWVZLWKDGROHVFHQWLGLRSDWKLFVFROLRVLV3URVWKHWLFVDQGRUWKRWLFV
LQWHUQDWLRQDO  

6XPPLW6 7UDXQHU.%  863DWHQW1R:DVKLQJWRQ'&
863DWHQWDQG7UDGHPDUN2IILFH

:RQJ06&KHQJ-&/DP731J%.6LQ6:/HH6KXP6/ 
7DP6<  7KHHIIHFWRIULJLGYHUVXVIOH[LEOHVSLQDORUWKRVLVRQWKHFOLQLFDO
HIILFDF\DQGDFFHSWDQFHRIWKHSDWLHQWVZLWKDGROHVFHQWLGLRSDWKLF
VFROLRVLV6SLQH  

1LFKROVRQ*3)HUJXVRQ3HOO0:6PLWK.(GJDU0 0RUOH\7  
7KHREMHFWLYHPHDVXUHPHQWRIVSLQDORUWKRVLVXVHIRUWKHWUHDWPHQWRIDGROHVFHQW
LGLRSDWKLFVFROLRVLV6SLQH  

0LOOHU--  863DWHQW1R:DVKLQJWRQ'&863DWHQWDQG
7UDGHPDUN2IILFH

6LPDQRYVN\1  863DWHQW1R:DVKLQJWRQ'&863DWHQWDQG
7UDGHPDUN2IILFH

2JLOYLH-:  863DWHQW1R:DVKLQJWRQ'&863DWHQWDQG
7UDGHPDUN2IILFH

9HOGKXL]HQ$*&KHXQJ-%XOWKXLV*- 1LMHQEDQQLQJ*  $QHZ
RUWKRWLFGHYLFHLQWKHQRQRSHUDWLYHWUHDWPHQWRILGLRSDWKLFVFROLRVLV0HGLFDO
HQJLQHHULQJ SK\VLFV  

=HK$3ODQHUW0.OLPD6+HLQ: :RKOUDE'  7KHIOH[LEOH7ULDF
%UDFHIRUFRQVHUYDWLYHWUHDWPHQWRILGLRSDWKLFVFROLRVLV$QDOWHUQDWLYHWUHDWPHQW
RSWLRQ$FWD2UWKRS%HOJ  

0DF7KLRQJ-03HWLW<$XELQ&e'HORUPH6'DQVHUHDX- /DEHOOH+
 %LRPHFKDQLFDOHYDOXDWLRQRIWKH%RVWRQEUDFHV\VWHPIRUWKHWUHDWPHQWRI
DGROHVFHQWLGLRSDWKLFVFROLRVLVUHODWLRQVKLSEHWZHHQVWUDSWHQVLRQDQGEUDFHLQWHUIDFH
IRUFHV6SLQH  

:RQJ060DN$)7/XN.'.(YDQV-+ %URZQ%  
(IIHFWLYHQHVVDQGELRPHFKDQLFVRIVSLQDORUWKRVHVLQWKHWUHDWPHQWRIDGROHVFHQW
LGLRSDWKLFVFROLRVLV $,6 3URVWKHWLFVDQGRUWKRWLFVLQWHUQDWLRQDO  

1RRQDQ.-:HLQVWHLQ6/-DFREVRQ:& 'RODQ/$  8VHRIWKH
0LOZDXNHHEUDFHIRUSURJUHVVLYHLGLRSDWKLFVFROLRVLV-%RQH-RLQW6XUJ$P  






-LDQJ+5DVR9+LOO''XUGOH1 0RUHDX0  ,QWHUIDFHSUHVVXUHVLQ
WKH%RVWRQEUDFHWUHDWPHQWIRUVFROLRVLV$SUHOLPLQDU\VWXG\,Q,QWHUQDWLRQDO
V\PSRVLXPRQ SS 

3KDP90+RXLOOLH]$6FKLOO$&DUSHQWLHU$+HUEDX[% 7KHYHQRQ$
 6WXG\RIWKHSUHVVXUHVDSSOLHGE\D&KrQHDXEUDFHIRUFRUUHFWLRQRI
DGROHVFHQWLGLRSDWKLFVFROLRVLV3URVWKHWLFVDQGRUWKRWLFVLQWHUQDWLRQDO  


/RXNRV,=DFKDULRX&1LFRORSRXORV&.RUUHV' (IVWDWKRSRXORV1  
$QDO\VLVRIWKHFRUUHFWLYHIRUFHVH[HUWHGE\DG\QDPLFGHURWDWLRQEUDFH
''% 3URVWKHWLFVDQGRUWKRWLFVLQWHUQDWLRQDO  

:RQJ06 (YDQV-+  %LRPHFKDQLFDOHYDOXDWLRQRIWKH0LOZDXNHH
EUDFH3URVWKHWLFVDQGRUWKRWLFVLQWHUQDWLRQDO  

.HQQHG\-'5REHUWVRQ&)+XGVRQ, 3KHODQ3'  (IIHFWRI
EUDFLQJRQUHVSLUDWRU\PHFKDQLFVLQPLOGLGLRSDWKLFVFROLRVLV7KRUD[  

.DW]'(+HUULQJ-$%URZQH5+.HOO\'0 %LUFK-*  %UDFH
ZHDUFRQWURORIFXUYHSURJUHVVLRQLQDGROHVFHQWLGLRSDWKLFVFROLRVLV7KH-RXUQDORI
%RQH -RLQW6XUJHU\  

/RX(+LOO'+HGGHQ'0DKRRG-0RUHDX0 5DVR-  $Q
REMHFWLYHPHDVXUHPHQWRIEUDFHXVDJHIRUWKHWUHDWPHQWRIDGROHVFHQWLGLRSDWKLF
VFROLRVLV0HGLFDOHQJLQHHULQJ SK\VLFV  

<2.2<$0$6  (YDOXDWLRQRIUHVWLQJDQGZRUNLQJSRVWXUHVIURPWKH
YLHZSRLQWRIORFDOPXVFOHHQHUJ\PHWDEROLFUDWH7KH$QQDOVRISK\VLRORJLFDO
DQWKURSRORJ\  

'HVELHQV%ODLV)&OLQ-3DUHQW6/DEHOOH+ $XELQ&(  1HZEUDFH
GHVLJQFRPELQLQJ&$'&$0DQGELRPHFKDQLFDOVLPXODWLRQIRUWKHWUHDWPHQWRI
DGROHVFHQWLGLRSDWKLFVFROLRVLV&OLQLFDOELRPHFKDQLFV  

1LH:=<H0/LX=' :DQJ&7  7KHSDWLHQWVSHFLILFEUDFH
GHVLJQDQGELRPHFKDQLFDODQDO\VLVRIDGROHVFHQWLGLRSDWKLFVFROLRVLV-RXUQDORI
ELRPHFKDQLFDOHQJLQHHULQJ  

&KXQJ&/.HOO\'06WHHOH-5 'L$QJHOR'-  6FROLRVLV$QDORJ0RGHO
IRUWKH(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\-32-RXUQDORI3URVWKHWLFVDQG2UWKRWLFV
8QGHU5HYLHZ

,OOpV7 6RPRVNH|\6  &RPSDULVRQRIVFROLRVLVPHDVXUHPHQWVEDVHGRQ
WKUHHGLPHQVLRQDOYHUWHEUDYHFWRUVDQGFRQYHQWLRQDOWZRGLPHQVLRQDOPHDVXUHPHQWV




DGYDQWDJHVLQHYDOXDWLRQRISURJQRVLVDQGVXUJLFDOUHVXOWV(XURSHDQVSLQH
MRXUQDO  

&KXQJ&/ 'L$QJHOR'-  6FROLRVLV$QDORJ0RGHOIRUWKH(YDOXDWLRQRI
%UDFLQJ7HFKQRORJ\-RXUQDORI0LVVLVVLSSL$FDGHP\RI6FLHQFHVVW6%(&'LJHVW
RI3DSHU 6 

'L$QJHOR'- &KXQJ&/  6FROLRVLV$QDORJ0RGHOIRUWKH(YDOXDWLRQRI
%UDFLQJ7HFKQRORJ\3RGLXP%LRPHGLFDO(QJLQHHULQJ6RFLHW\0HHWLQJ7DPSD)/

&KXQJ&/.HOO\'06WHHOH-5 'L$QJHOR'-  (IIHFWVRI6WUDS2SWLRQVRQ
6FROLRVLV%UDFLQJ0HFKDQLFV3RVWHUQG6RXWKHUQ%LRPHGLFDO(QJLQHHULQJ
&RQIHUHQFH 6%(& 6KUHYHSRUW/$

&KXQJ&/.HOO\'06WHHOH-5 'L$QJHOR'-  6FROLRVLV$QDORJ0RGHO
IRUWKH(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\3RVWHU/LIH6FLHQFH7HQQHVVHH
&RQIHUHQFH1DVKYLOOH71

&KXQJ&/.HOO\'06WHHOH-5 'L$QJHOR'-  $0HFKDQLFDO$QDORJ
0RGHORI$GROHVFHQW,GLRSDWKLF6FROLRVLV3RVWHU/H%RQKHXU3HGLDWULF5HVHDUFK
'D\/H%RQKHXU&KLOGUHQ¶V+RVSLWDO0HPSKLV71

&KXQJ&/.HOO\'06WHHOH-5 'L$QJHOR'-  (IIHFWVRI6WUDS2SWLRQVRQ
6FROLRVLV%UDFLQJ0HFKDQLFV3RVWHU/H%RQKHXU3HGLDWULF5HVHDUFK'D\/H
%RQKHXU&KLOGUHQ¶V+RVSLWDO0HPSKLV71

&KXQJ&/.HOO\'06WHHOH-57DWH76%DWHPDQ&. 'L$QJHOR'-(IIHFWVRI
6WUDS7HQVLRQRQ%UDFH&RUUHFWLYH)RUFHV3RVWHU/H%RQKHXU3HGLDWULF5HVHDUFK
'D\/H%RQKHXU&KLOGUHQ¶V+RVSLWDO0HPSKLV71

&KXQJ&/6FROLRVLV$QDORJ0RGHOIRUWKH(YDOXDWLRQRI%UDFLQJ7HFKQRORJ\
>0DVWHU V@  2UWKRSDHGLF6XUJHU\DQG%LRPHGLFDO(QJLQHHULQJ7KH8QLYHUVLW\
RI7HQQHVVHH+HDOWK6FLHQFH&HQWHU

.HOO\%3 'L$QJHOR'-  $PXOWLD[LVSURJUDPPDEOHURERWIRUWKHVWXG\
RIPXOWLERG\VSLQHELRPHFKDQLFVXVLQJDUHDOWLPHWUDMHFWRU\SDWKPRGLILFDWLRQIRUFH
DQGGLVSODFHPHQWFRQWUROVWUDWHJ\-RXUQDORI0HGLFDO'HYLFHV  

/HEHO'($O$XEDLGL=6KLQ(-+RZDUG$ =HOOHU5  7KUHH
GLPHQVLRQDODQDO\VLVRIEUDFHELRPHFKDQLFDOHIILFDF\IRUSDWLHQWVZLWK
$,6(XURSHDQ6SLQH-RXUQDO  

YDQGHQ+RXW-$$09DQ5KLMQ/9DQGHQ0XQFNKRI5 9DQ2R\$
 ,QWHUIDFHFRUUHFWLYHIRUFHPHDVXUHPHQWVLQ%RVWRQEUDFHWUHDWPHQW(XURSHDQ
6SLQH-RXUQDO  





*RRQHWLOOHNH56 (QJ7- 2FWREHU &RQWDFWDUHDHIIHFWVRQGLVFRPIRUW
,Q3URFHHGLQJVRIWKH+XPDQ)DFWRUVDQG(UJRQRPLFV6RFLHW\$QQXDO0HHWLQJ 9RO
1RSS 6$*(3XEOLFDWLRQV

*RRQHWLOOHNH56  'HVLJQLQJWRPLQLPL]HGLVFRPIRUW,Q(UJRQRPLFVLQ
'HVLJQ

)OR\G:) 5REHUWV')  $1$720,&$/$1'3+<6,2/2*,&$/
35,1&,3/(6,1&+$,5$1'7$%/('(6,*1(כUJRQRPLFV  

'LQVGDOH60  'HFXELWXVXOFHUVUROHRISUHVVXUHDQGIULFWLRQLQ
FDXVDWLRQ$UFKLYHVRISK\VLFDOPHGLFLQHDQGUHKDELOLWDWLRQ  

7VD\')  3UHVVXUHGLVWULEXWLRQLQWLVVXH3UHYHQWLRQRI3UHVVXUH6RUHV
3KLODGHOSKLD$GDP+LOJHU

&DUWHU+9$QDWRP\RIWKH6SLQH3XEOLFGRPDLQYLD:LNLPHGLD&RPPRQVIURP
KWWSVHQZLNLSHGLDRUJZLNL9HUWHEUDOBFROXPQ

:RQJ%DNHU)$&(6)RXQGDWLRQ  :RQJ%DNHU)$&(63DLQ5DWLQJ6FDOH
5HWULHYHGZLWKSHUPLVVLRQIURPKWWSZZZ:RQJ%DNHU)$&(6RUJ
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,QWURGXFWLRQ

:KHQGHWHUPLQLQJWKHDEVROXWHYDOXHRIWKHZHLJKWRIDQREMHFWLWLVFRPPRQ
SUDFWLFHWRXVHDORDGFHOOZLWKDQDSSURSULDWHORDGUDQJH)RUH[DPSOHLWLVDGYDQWDJHRXV
WRPHDVXUHWKHZHLJKWRID1REMHFWXVLQJDORDGFHOOZLWKDUDQJHRI1'XULQJ
WKHURERWLFWHVWLQJLQFKDSWHUVDQGDQ1ORDGFHOOZDVXVHGWRHYDOXDWHPXFK
ORZHUIRUFHV+RZHYHULIWKHJRDOLVWRGHWHUPLQHWKHUHODWLYHIOXFWXDWLRQRIDIRUFH
PHDQLQJWKHDPRXQWRIDSSOLHGIRUFHLVIOXFWXDWLQJGXHWRDQH[WHUQDOIDFWRUVXFKDV
IULFWLRQWKHQLWPD\QRWEHQHFHVVDU\WRXVHDORDGFHOOZLWKWKHDSSURSULDWHUDQJH)RU
H[DPSOHDORDGFHOOZLWKDQ1DQGDUHVROXWLRQRI1UDQJHPD\EHFDSDEOHRI
DFFXUDWHO\GHWHUPLQLQJWKHUHODWLYHIOXFWXDWLRQRID1IRUFH7KHUHIRUHVLQFHWKH
SULPDU\JRDORIFKDSWHUVDQGZDVWRFRPSDUHWKHIRUFHLQFUHDVHDQGGHFUHDVHRQWKH
XSSHUORDGFHOOGXHWRGLIIHUHQWVWUDSSLQJFRQILJXUDWLRQVLWLVWKHRUL]HGWKDWWKH1ORDG
FHOOZDVVXIIFLHQW


3XUSRVH

7RHYDOXDWHWKHXVHRIDORDGFHOOZLWKDQ1UDQJHIRUGHWHUPLQLQJUHODWLYH
IOXFWXDWLRQVRIIRUFHVDVORZDV1


0DWHULDOV

7KHURERWLFWHVWLQJSODWIRUPXVHVD-50$/RDG&HOO 6WDQGDUGUDQJH
15HVROXWLRQ1 &DEOH$VWDQGDUGVWHHOFDEOH:HLJKW$VPDOOPHWDOEORFN


0HWKRGV

$QH[SHULPHQWZDVSHUIRUPHGLQRUGHUWRYDOLGDWHWKHXVHRIWKHORDGFHOOXVHGLQ
FKDSWHUVDQG,QWKLVH[SHULPHQWDQREMHFWZLWKDZHLJKWRIDSSUR[LPDWHO\1ZDV
DWWDFKHGWRWKHXSSHUORDGFHOORIWKHURERWLFWHVWLQJSODWIRUPDQGVHFXUHGVRWKDWLWKXQJ
IUHHO\$IWHUDVWHDG\VWDWHZDVUHDFKHGWKHXSSHUORDGFHOOGLVSODFHGYHUWLFDOO\XSZDUGV
PPVWRSSHGWKHQGLVSODFHGGRZQZDUGVPPWRWKHRULJLQDOVWDUWLQJSRVLWLRQZKLOH
FRQWLQXRXVO\UHFRUGLQJWKHIRUFHVDWDVDPSOLQJUDWHRI+]7KHGLVSODFHPHQWVSHHG
ZDVDSSUR[LPDWHO\PPV7KRXJKLWZDVDPXOWLD[LVORDGFHOORQO\WKHIRUFHVDORQJ
WKH=D[LVZHUHRILQWHUHVW7KHPDJQLWXGHRIWKHZHLJKWWKHDPRXQWRIGLVSODFHPHQWWKH
VSHHGRIGLVSODFHPHQWDQGWKHVDPSOLQJUDWHZHUHVLPLODUWRWKRVHXVHGLQWKH
DIRUHPHQWLRQHGWHVWV
7KHWKUHHUXQVZHUHDYHUDJHG7KHPD[LPXPHUURUZDVFDOFXODWHGE\GHWHUPLQLQJ
WKHGLIIHUHQFHEHWZHHQWKHKLJKHVWDQGORZHVWYDOXHV7KHPD[LPXPSHUFHQWHUURUZDV
FDOFXODWHGE\GLYLGLQJWKHPD[HUURUE\WKHDYHUDJHYDOXHDQGPXOWLSO\LQJE\






5HVXOWV

7KHDYHUDJH=)RUFHZDV1ZLWKDPD[HUURURI17KLVUHVXOWVLQD
SHUFHQWHUURURIDERXW$VVHHQLQ)LJXUH$WKHPD[LPXPHUURULQWKLVV\VWHPLV
OHVVWKDQZKHQXVLQJD1ZHLJKW


&RQFOXVLRQ

7KHPD[LPXPHUURULQWKLVV\VWHPZDVOHVVWKDQZKHQXVLQJD1ZHLJKW
7KHUHIRUHWKLVORDGFHOOFDQEHXVHGWRDFFXUDWHO\GHWHUPLQHWKHUHODWLYHIOXFWXDWLRQRID
1IRUFH







)LJXUH$ 'LVSODFHPHQW9HUVXV)RUFH3ORW6KRZLQJ0D[/RDG&HOO(UURU







9,7$



&RG\.HLWK%DWHPDQZDVERUQLQ0HPSKLV7HQQHVVHHLQ+HJUHZXSLQ
0HPSKLVZKHUHKHJUDGXDWHGIURP$UOLQJWRQ+LJK6FKRROLQ+HDWWHQGHGWKH
8QLYHUVLW\RI0HPSKLVDQGJUDGXDWHGZLWKD%DFKHORURI6FLHQFHLQ0HFKDQLFDO
(QJLQHHULQJLQ6SULQJ'XULQJKLVXQGHUJUDGXDWHFDUHHUKHZDVDPHPEHURIWKH
+HOHQ+DUGLQ+RQRUV3URJUDPDOOIRXU\HDUVVHUYHGDV9LFH3UHVLGHQWRI3L7DX6LJPD
IRU\HDUVSDUWLFLSDWHGLQWKH,QGXVWULDO$VVHVVPHQW&HQWHU3URJUDPIRUWZR\HDUV
UHFHLYLQJ,$&FHUWLILFDWLRQDQGVWXGLHGDEURDGLQ8OP*HUPDQ\+HWKHQPDWULFXODWHG
LQWRWKH-RLQW*UDGXDWH3URJUDPLQ%LRPHGLFDO(QJLQHHULQJDQG,PDJLQJDWWKH
8QLYHUVLW\RI7HQQHVVHH+HDOWK6FLHQFH&HQWHUDQG8QLYHUVLW\RI0HPSKLVLQ)DOO
8QGHUWKHJXLGDQFHRI'U'HQLV-'L$QJHORKHIRFXVHGKLVUHVHDUFKHIIRUWVRQ
XQGHUVWDQGLQJDQGLPSURYLQJVFROLRVLVEUDFLQJWHFKQRORJ\&RG\H[SHFWVWRUHFHLYHKLV
0DVWHURI6FLHQFHGHJUHHLQ0D\




